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PREFACE 
The Colorado River Regional Assessment Study for the 
National Commission on Water Quality is one of eleven such 
regional studie s in which the physical, technological, economic, 
institutional, and social impacts of PL 92- 500 a re viewed in a 
comprehensive context. In examining the effects of PL 92-500 
in the Colorado River Basin, the study endeavors to blend three 
important perspectives: 
To satisfy the requirements and design for the regional 
assessment studies as specified by the National Commission 
on Water Quality_ 
To analyze PL 92-500 in relation to the water allocation 
decisions, water quality concerns, and institutional evolution 
which have, over many yea rs, brought the river to its 
present state of development. 
To be responsive to pos sible future demands on the quantity 
and quality of the river in relation to energy development, 
food production, recreation, environmental, and ae sthetic 
qualities. 
Working from these underlying themes, the major areas of inves-
tigation encompassed by the study are (1) the impact of PL 92-500 
on the salinity problem in the Colorado River Basin, (2) the impact 
of PL 92-500 on municipal and industrial point sources, and 
(3) a specific site study of the environmental impact of PL 92-500. 
The report presenting the analysis and results of these study areas 
is organized in four parts: 
PART ONE: 
PART TWO: 
Executive Summary, Basin Profile, and 
Report Digest 
Detailed Analyses: Narrative Description, 
Data, Methodology, and Docurn.entation 
PART THREE: Area-Specific Water Quality Analysis and 
Environmental As se sment 
PART FOUR: Appendices 
In order to address the broad scope and purposes for this l·egional 
assessment, a research study team was assembled which like-
wise represented broad and diverse fields of expertise. The 
organization of the contractor team members into both task work 
groups along disciplinary lines and problem study teams for 
addressing the specific water quality impacts of PL 92-500 facili-
tated the interdisciplinary integration of the study. The study 
team members and project organization are shown in the accom-
panying chart. 
Because the Colorado River serves the needs of seven states 
and many interests, it was deemed highly desirable to have the 
counsel of an advisory group, comprised of individuals with long 
experience in working with the Colorado River Basin's water 
resources and water quality problems. Appreciation is expressed 
to the following advisory group members for their careful review 
of this work and their many helpful suggestions and recommendations. 
Kathy Fletcher, Rocky Mt./Great Plains Office 
Environmental Defense Fund 
1130 Capitol Life Center, 16th at Grant St. 
Denver, Colorado 80203 
Roger Frenett 
Environmen tal Protection Agency, Region VIn 
1860 Lincoln St., Suite 900 
Denver, Colorado 80203 
Ernest Gregory, Bureau of Environ. Health 
Nevada State Health Dept. 
Nye Building, 201 S. Fall Street 
Carson City, Nevada 89701 
W. J olm D. Kennedy 
Rocky Mountain Center on Environment 
4260 East Evans Avenue 
Denver, Colorado 80222 
John Maletic 
U.S. Bureau of Reclamation 
Denver Federal Center 
Denver, Colorado 80225 
John A. McComb, Southwest Representative 
Sierra Club Southwest Office 
2014 East Broadway, Room 212 
Tucson, Arizona 85719 
ii 
Russell Freeman, Deputy Regional Adminis. 
Region IX, Environmental Protection Agency 
100 California Street 
San Francisco, California 9411 
IvaI V. Goslin, Executive Director 
Upper Colorado River Commission 
355 South 4th East Street 
)alt Lake City, Utah 84111 
Myron Holbuft, Chief Engineer 
Colorado River Board of California 
107 South Broadway, Room 8103 
Los Angeles, California 90012 
Allen Kneese 
Professor of Economics 
University of New Mexico 
Albuquerque, New Mexico 87106 
Don Maughan, Member 
State Water Resources Con trol Board 
1416 Ninth Street, Room 1015 
Sacramento, California 95825 
Owen alpin, Professor 
School of Law 
University of Utah 
Salt Lake City, Utah 84112 
Donald Paff, Admin., Div. of Colorado Riv. Resour. 
Conservation and Natural Resources 
Maryland Parkway 
Las Vegas, Nevada 89101 
Willard Rhoads, 
State Senator 
Cody, Wyoming 82414 
Martin Seneca, Director 
Office of Trust Responsibility 
Bureau of Indian Affairs 
Washington, D.C. 
Lynn Thatcher, Chairman 
Salinity Control Forum 
355 South Fourth East Street 
Salt Lake City, Utah 84111 
Steve Reynolds, State Engineer 
Bataan Memorial Building 
State Capitol 
Santa Fe, New Mexico 87501 
Frank Rozich 
Water Pollution Control Division 
4210 E. 11th Avenue 
Denver, Colorado 80220 
Wesley E. Steiner, Executive Director 
Arizona Water Commission 
222 North Central Avenue 
Phoenix, Arizona 85004 
Appreciation is expressed to the support staff of the Utah Water 
Research Laboratory for their patience and extra effort in working 
under very severe tim.e deadlines. Thanks are also due to 
Jam.es Larocca and Steven Reznek, study m.anagers from. the 
National Com.m.ission on Water Quality, for their considerable 
assistance in facilitating this study. 
The study team. wishes to acknowledge the federal, state, 
and local public officials and private citizens who have expended 
inestim.able tim.e and effort over m.any years to find workable solu-
tions to m.anaging this great resource. This report is offered in 
the sam.e constructive spirit. 
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SECTION I 
PROBLEM DESCRIPTION AND 
APPROACH TO ANALYSIS 

CHAPTER 1 
INTRODUCTION AND SETTING FOR THE STUDY 
The water of the Colorado River is the lifeblood of the arid 
mountain west and southwestern United States and the key to the 
future ability of the basin to meet the diverse demands placed upon 
its resources. Its drainage covers portions of 7 states and 1/12 
of the land area of the 48 contiguous states. Not only do the people 
within the hydrologic drainage depend upon it for their economic 
security, recreational and aesthetic needs, but also do the large 
maj or population center s of Denver, Salt Lake City, Los Angele s, 
and San Diego which are part of the basin as defined by Article 
II(b) of the Colorado River Com.pact of 1922. Over this vast region 
the waters of the Colorado serve 15 million people, most of whom 
are outside the drainage basin, and many uses in supplying water 
for cities, irrigated agriculture, ener gy production, industry, 
mining, and in supporting wildlife, recreation, and areas of un-
paralleled aesthetic value to the nation. 
For all these varied activities, demands are made upon the 
river as both a source of water and a carrier of residuals and by-
products of man-made as well as natural processes. Consequently, 
over time the quality of the water in the Colorado has deteriorated, 
with problems of water use and pollution inputs being further com-
pounded by the relatively small flow of the river in relation to the 
basin size. Certainly the future ability of the Colorado to sustain 
the se uses is dependent on maintaining qualities of water required 
for them. The many competing demands for use of Colorado River 
Basin resources are reflected in two important impacts of man on 
the river system. 
PHYSICAL DEVELOPMENT 
In order to satisfy over time the growing needs for Colorado 
River water and related resources, the river system has devel-
oped into one of the most highly regulated rivers in the world. 
The many darns and storage reservoirs, water diversion and 
conveyance systems, and aquaducts for out-of-basin exports all 
attest to this fact. The water resources system is carefully 
managed to maintain the proper balance of reservoir storage and 
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releases in order to deliver water for various water uses to meet 
hydropower generating requirements, to provide for fish and wild-
life, recreational uses and, in general, to attain the best utili-
zation of the basin's fixed water supplies. 
INSTITUTIONAL DEVELOPMENT 
To assure needed water supplies for these many uses, the 
river has also become one of the most highly developed rivers 
from an institutional standpoint. There are numerous and complex 
legal, legislative and administrative requirements and agreements 
for the allocation and us e of the water between nations (U. S. and 
Mexico) among the seven basin states, and among individual water 
users. Consequently, decisions on management of the river range 
from local issues to problems of international relations. Two 
other important institutional aspects also affect the management 
of the river. The first is that much of the decision-making affect-
ing the river takes place in the large population centers served by 
the basin (Los Angeles, San Diego, Denver, and Salt Lake City) 
which lie outside of its hydrologic boundaries. The second is the 
strong federal role and presence in the development and utilization 
of the river. 
While considerable effort and resources have been expanded 
over the years to regulate and manage the Colorado River for 
man's beneficial use, only in re('cl'd years has attention been 
directed tow<.t.rd preserving the quaHtv of the waters. Recently, 
several studies have examined water quality problems and solu-
tions for the Colorado River, primarily in the area of salinity 
control. Concerns for this and other pollution problems have 
been given further impetus by passage of the Federal Water Pol-
lution Control Act Amendments of 1972 (PL 92-500). The stated 
goal of the Act is "to restore and maintain the chemical, physical 
and biological integrity of the Nation's water s. " 
In contrast to other water quality studies of the Colorado 
River, the focus of this study is upon describing and analyzing the 
impacts of PL 92- 500 as applied and implemented in the Colorado 
River Basin. As one of eleven such regional river basin assess-
ments being conducted for the National Commis sion on Water 
Quality under provision of PL 92-500, the general purpose of the 
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study is to illustrate and elucidate the relation between pre-existing 
social, economic, environmental, and institutional settings and 
types of changes or im.pacts the Act is likely to engender. 
In meeting this overall goal the study has three maj or objec-
tives: (1) to develop a baseline description of the region, character-
izing its pre sent technological, economic, social, environmental 
and institutional situation,(2) describing the most salient water 
quality control pro blems; and identifying the major basin-wide 
and region- specific water quality is sues relative to the implemen-
tation of PL 92-500, and (3) through detailed studies of these prob-
lems document the social, economic, environmental, and institu-
tional impacts of achieving or not achieving the goals and require-
rnents of the Act. 
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CHAPTER 2 
WATER QUALITY PROBLEMS AND APPROACH 
TO ANALYSIS OF IMPACTS OF PL 92-500 
A BACKGROUND FRAMEWORK FOR 
THE STUDY APPROACH 
A Structure for Examining Water Quality 
Problems and Impacts 
The environmental, economic, social, and institutional im-
pacts resulting from the application of PL 92-500 arise out of the 
interaction of multi-dimensional factor s contributing to water 
quality problems and conditions. The causes and effects of pol-
lution involve problem sour ce s or contributor s of pollution, and 
problems of users or receivers of polluted water. Superimposed 
upon this is the complex interrelation of institutional constraints 
and technological controls that have evolved to deal with water 
quality problems and consequences. Figure I-I depicts in a 
simplified way these cause and effect relationships with respect 
to the im.plementation and enforcement of PL 92-500. As such, 
it provides a general structure within w'hich to examine the water 
quality issues and impacts of implem.enting of PL 92-500 in the 
Colorado River Basin. 
The Logic for Selecting Water Quality 
Problems for Detailed Analysis 
In order to fully identify major water quality problems and 
develop the significant is sues resulting from the implementation 
of the Act, an approach of working from general problems areas 
of concern toward identification of particular types of impacts 
was used. This logic for impact description flows in the sequence 
shown in Figur e I- 2. 
Water quality problems and concerns. The first step in 
the flow diagram involved a general overview identification of 
the primary water quality problems and concerns in the basin. 
Development of the list was based on the analyses in PAR T FOUR 
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-
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FROM PL 92-500 IMPACT ISSUES 
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I 
PART FOUR 
Figure 1-6 APPENDIX I-D 
t ~/ // 
CROSS IMPACT 
IDENTIFICA TION 
Figure 1-2. Logic for PL 92-500 im.pact issue description. 
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APPENDIX I-A, Table A-4, which test current stream water 
quality conditions against stream quality standards. In addition, 
analyses contained in federal and state water quality studies for 
the basin and responses received from the Study Advisory Group 
aided in the identification. 
Problem description. Since PL 92- 500 is particularly 
oriented toward controlling sources of pollution, the next step in 
the process was directed at identifying the major sources, man-
caused or natural, which contribute to the general pollution prob-
lems identified by the previous step. At the same time, the 
problem effects upon users were described, together with some 
of the technological options for source control and the possible 
user responses. This analvsis is contained in PAR T FOUR, 
APPENDIX I-C. An evaJ"l:' of the geographic extent of the 
problems (see Table 1-7) t.hen enabled the delineation of specific 
subregions for detailed study ( presented in Table 1- 9). 
~licabi1ity of PL 92-500. In order to identify problem 
aspects requiring detailed analysis, the application of various pro-
visions of the Act to problem sources was examined. In effect, 
the provisions and requirements of the Act were matched against 
the problem in order to answer whether or not "Requirement I Al 
of the Act applied to problem source I XI and if so, in what way? 11 
The question relates to effectiveness of various provisions of the 
Act for given problem situations (s ee Figure 1- 6 ana PAR T FOUR 
APPENDIX I-D). 
Impacts resulting from PL 92-500. In this step the impact 
issues resulting from the application of a particular requirement 
of the Act to a problem source were specified. This approach led 
to the development of impact issues (physical, environmental, 
economic, institutional, etc.) for the water quality problems and 
regions studied (see Figure 1-6 and PART FOUR, APPENDIX I-D). 
The es sence of the impact analysis was to establish what happens 
to various persons, tangible things, and legal and institutional 
entitie s incident to implementing provisions of the Act. 
Cross impac~oblems. In the impact is sue specification, 
it was recognized that many is sues interact or are interrelated. 
Where key interactions exist, there was an effort to recognize 
these in the analysis. 
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Report PAR T TWO, contained in this volum.e, provides the 
detailed analysis and docum.entation of the Colorado Regional 
Asses sm.ent Study by: 
1. Laying out the general water quality concerns and 
problem.s in basin. 
2. Analyzing the geographical or subregional nature of 
the problem.s for identification of specific geographic 
regions for analysis. 
3. Evaluating the problem.s of m.ajor concern and estab-
lishm.ent of priorities for the problem. im.pact analysis. 
4. Docum.enting the specific problem.s and geographic 
regions studied. 
50 Describing the m.ethods and approaches utilized in 
the detailed analyses and developing data. 
6. Identifying and analyzing the specific im.pacts that 
could result from. im.plem.enting of PL 92-500 and 
sum.m.arizing the central effects involved. 
DETERMINATION OF MAJOR WATER 
QUALITY PROBLEMS FOR ANALYSIS 
Overview of Water Quality and 
Pollution Concerns 
The highest quality water in the basin is found in the higher 
elevation m.ountain stream.s. These pristine waters are known 
for their clarity and high productivity of trout. As these stream.s 
m.ove into the valleys, m.an I s influence and natural erosion begins 
to affect the quality of the water. The earliest investigations of 
water quality of the Colorado River were m.ade out of concern for 
its suitability as a water supply for irrigated agriculture. As far 
back as 1903, som.e lim.ited sam.pling was perform.ed in order to 
deterITline acceptable salinity levels for m.aintenance of crop 
production. Since 1941, fairly com.plete records of flow and 
water quality conditions have been m.aintained at som.e 17 stations 
throughout the basin by the U. S. Geological Survey. As part of 
particular studies, m.any other stations have been established 
and monitored for various constituents and periods of tim.e. (See 
Table 11-16; and PART FOUR, APPENDIX I-A, Table A-5.) 
While there has been accuITlulation of water quality data, 
the first com.prehensive studies of water quality conditions in 
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the Colorado River were accoITlplished in 1964. Salinity has long 
been recognized as the ITlajor quality probleITl of the Colorado, and 
since 1970, a nUITlber of studies have been cOITlpleted which have 
exaITlined the ITlineral quality (salinity) probleITl. A sUITlITlary of 
these reports is presented in Table I-I. As noted in the table, 
SOITle of these studies have atteITlpted to identify sources of salinity 
and to project future levels of concentrations based on proposed 
water developITlent. 
That salinity has been the over -riding water quality concern 
froITl a basin-wide standpoint is attested to by the several reports 
dealing with this subject. Although not fully reflected in these 
studie s, considerable effort has been ITlade at the s tate level to 
deal with other water quality probleITls discussed in this chapter. 
Moreover, with continued basin developITlent it is certain that other 
paraITleters will be affected ITlore and ITlore, and therefore, must 
be considered in light of potential future probleITls. 
A General Identification of Water 
Quality ProbleITls 
In general, a water quality condition is deeITled to be a prob-
leITl because SOITleone perceives or experiences damages, i. e. , 
the individual or society is harITled or sOITlething valued by indi-
viduals, or society is harITled. These damages are experienced as 
econoITlic loss, degradation of environITlental quality, iITlpairITlent 
of health, social dislocations and the like. The desire of society 
to avoid thes e effects is reflected in the adoption of water quality 
standardl3 or criteria which are aiITled at ITlaintaining water quality 
levels that are acceptable for various beneficial uses. Using such 
standards, therefore, as an expression of desired levels of water 
quality, a deterioration of water quality below acceptable standards 
could be considered priITla facie evidence thCilt a water quality 
probleITl exists. Thus, criteria for initial delineation of probleITls 
were based on the Federal and State water quality standards as 
applied to the Colorado River and tributaries. 
Water quality standards in the Colorado River Basin. A 
general cOITlparison of the various state standards is found in 
Table 1-2. Two of the states have not classified their streaITlS 
directly but have inventoried all beneficial uses and developed 
specific standards froITl the criteria for those beneficial uses. 
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Table 1-1. Water quality studies in the Colorado River Basin. 
I 
Project Future Date / Study / Agency Identify Source s Discuss Other Water 
of Sa lt Loads Sa linity Concentrations Quality Param.eters 
Water Resources of the 
1964 Upper Colorado River USGS No No No 
Basin - Basic Data 
Need for Contro lHng 
1970 Sa linity of the Colorado CRBC Yes No 
River 
1963 Quality of Water -
DOl No Yes Yes 1975 Colorado River Basin 
----
The Mineral Quality 
1971 Problem in the EPA Yes Yes No 
Colorado River Basin 
Upper Co lorado 
1971 Region - Framework WRC Yes Yes Yes 
Study 
Lower Co lorado 
1971 Region - Framework WRC No Yes Yes 
Study 
Colorado River 
1974 Water Quality USBR Yes Yes No 
Improvem.ent Program 
Computer Sim.ulation of 
1970 the Hydro-Sa linity Flow USU Yes No No 
System in the Uppe r CR B 

One of the states, ·WyoITling, has classified their streaITlS based 
upon aquatic life. The State of Colorado has used bacteriological 
criteria for principal streaITl classification criteria. Four of the 
states used a ITlultiple criteria classification systeITl incorporating 
eleITlents of all the beneficial uses. One state uses land use acti-
vity as the basis for clas sifying streaITls. Three of the states 
exeITlpt irrigation return flow froITl cOITlplying with water quality 
standards. One of the states has set liITlits for forITls of nitrogen 
and phosphorus. Two of the states have standards for various 
trace cheITlical species. One of the states has a total organic 
carbon standard for certain reaches and one state has a BOD stan-
dard for the streaITl clas sification systeITl.. One state has specific 
standards for BOD, COD, etc., for certain waters receiving 
wastewater effluents. While two states have set salinity or total 
dissolved solids standards for non-Colorado River streaITls, no 
state has individually adopted nUITlerical salinity standards for 
the Colorado River or tributaries. 
Figure 1- 3 shows areas of the basin having relatively strin-
gent and less stringent water quality standards. Areas of less 
stringent water quality standards are those which ITlay have signi-
ficant warITl water fisheries. Reservoirs in these regions are 
relatively clear while the streaITlS carry significant sediITlents. 
The principal urban cOITlplexe s also lie within this area and the 
watersheds are poorly vegetated. Areas of stringent water quality 
standards are those which have significant cold water fisheries 
and pristine aITlbient quality. Thf!se :t<egions are characterized by 
high altitude, above 5, 000, significant precipitation events and 
protected watersheds. This area, cOITlprising approxiITlately 20 
percent of the land area, is spar sely populated. 
The water quality standards of the seven states which are 
found within the Colorado Basin have ITlany COITlITlon requireITlents. 
The ITlost obvious siITlilarity is in the ITlore philosophical require-
ITlents, such as non-degradation, updating of standards, discharge 
perITlits, and general standards applied to the following residuals: 
floating solids, oil, grease, odor, odor and taste of fish, hazar-
dous substances, radioactivity, pathogens, teITlperature, and 
turbidity. The variability between standards, which are signifi-
cant in certain cases, appear to be due to beneficial use criteria 
on which the state's water classification was based. State stan-
dards are described in PAR T FOUR, APPENDIX I-B. 
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c=J Relatively Stringent 
r:::::::./ Less Stringent 
! 
---J 
i 
w 
x 
UNIT£D STATES 
OEPARTM'NT OF THE IJrHE"IOR 
BUREAU Of RECLAMATION 
COLORADO RIVER BASIN 
QUALITY OF WATER MAP 
SC ALE OF' MILES 
615- 400 -70 
JULV 11, 1962 
J.f€vISEO Sf" ~ MA£R 1974 
Figure I-3. Comparison of areas containing relatively stringent 
and les s stringent water quality standards. 
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Table 1-3.. Water quality paranleters in the Colorado River 
Basin evaluated fronl STORET data. 
=:..--=:~~=~.:..: _... -,~, 
PARAMETER STORET SYMBOL UNITS 
Biodhenlica1 Oxygen 
Denland BOD 5 Di\Y mg/1 
Dissolved Oxygen DO mg /1 
Tenlperature WATER TEMP CENT 
Salinity DISS SOL SUM mg /1 
RESIDUE DISS-1BOC mg /1 
RESIDUE DISS-105C mg /1 
STORET 
CODE 
00310 
00300 
00010 
70301 
70300 
00515 
CNDUCTVY AT 25C micromho 00095 
Sediment SUSP SED CONC mg /1 B0154 
RESIDUE TOT NFLT nlg/l 00530 
Nitrogen NH3-N TOTAL mg /1 00610 
N02+N03 N-TOTAL mg /1 00630 
N03 l~-·TOTAL mg /1 00620 
Phosphorus SOLP04-T P04 mg /1 00653 
ORTHOPHOS mg /1 00660 
Fecal Co1iformes FEC COLI MPNECMED 100ML 31615 
FEC COLI MFM-FCBR 100ML 31616 
Other 
heavy metals 
pe sticide s 
radiation 
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Figure 1-4. 
I 
I 
I 
I ~\' ----~~~------- ------
Water quality STORET stations for Upper Colorado 
River Basin .. 
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Figure 1-5 .. 
VI h.~~e#/"--- '-~lvc.G ..... 1'-'-, 
I ~-
I 
\~-
Iq~"" 
\ 
R 
U T A 
\ 
-+>.------__t__ 
Water quality STORET stations for Lower Colorado 
River Basin. 
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Characterization of water quality problems based on STORET 
data. The identification of water quality problems was accom-
plished by comparing current water quality data with state and 
federal standards in order to develop a profile of various problem 
types throughout the basin. Summaries of STORET data were 
obtained from the U. S. Environmental Protection Agency for all 
water quality parameters at every recorded station in the Colorado 
River Basin. The pararrleters selected to characterize water quality in 
the basin are shown in Table 1-3. Tht encircled numbers on 
Figures 1-4 and 1- 5 indicate geographical locations where measure-
ments of one or more of the parameters are available. The 
numbers one through 68 are used for identification in the Upper 
Basin, and 101 through 156 in the Lower Basin. Each location 
may represent several STORET sample stations and, therefore, 
is intended to generally Ch;~L cterize the river segment in the area 
and not just one single point. PAR T FOUR, APPENDIX I-A con-
tains summaries of the STORET data. A summary of water 
quality problems determined from the STORET data and the 
related basin conditions is shown in Table 1-4. The adequacy of 
the water quality, coded in the Appendix I-A, was determined by 
comparing the maximum parameter concentrations sum.m.arized 
from STORET data with the water quality standards of the states. 
Points exceeding established standards are noted in PAR T FOUR, 
APPENDIX I-A, Table A-4. 
A summary of these water quality problems is presented in 
Table 1-5. When viewed from the standpoint of sources of the 
problem as well as the distribution of effects, problems are pri-
marily local (although they may occur in several places in the 
basin), or both local and basin-wide where the problem is of a 
pervasive nature. Recent water quality studies were consulted 
in checking this problem listing and discussion with the Study 
Advisory Group and others was also helpful. 
Water Quality Problems and Geographic 
Areas for Detailed Analysis 
The baseline descriptions of water quality and control con-
ditions provided a basis for identifying and documenting the major 
water quality problems in the basin. The information in Table 
1-5 is a concise SUITuYlarization by subbasin of the water quality 
conditions and important related factors for use in evaluating the 
general problems listed in Table 1-4. The criteria and nl.easures 
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Ta ble 1-4 Identified water quaE ty problems in the Colorado 
RIver Bas in. 
Basin-
Local wide 
Salinity 
Sources and Causes X X 
Resultant damages X X 
Municipal pollution dis char ge s X X 
Eutrophication of reservoirs X 
~edimentation of reservoirs X X 
Heavy metals, acidity, pH X 
Temperature increase (energy) X 
Temperature decreas e (res ervoir releases) X 
Industrial pollution dis char ge X 
Petroleum pollution (spills) 
--
X 
Nutrients-NO~ N-DWS X X 
Toxics and Pesticides X 
presented in Table 1-6 were used to judge if a significant water 
problem existed in the various subbasins. The results of this 
evaluation are presented in Table 1-7. 
Major problems for analysis. In analyzing the occurance of 
significant water quality problems throughout the basin as por-
trayed in Table 1-7, the following three areas were identified to 
be of a maj or significance and concern in relation to the imple-
mentation and potential impact of PL 92-500, 
1. Salinity 
2. Municipal and industrial discharge control 
3. Site-specific water quality problems 
Geographic subareas for study. Because of the extent and 
cornplexity of the Colorado River Basin, the study of impacts of 
PL 92-500 is designed to focus on specific issues and the related 
geographic areas. The study of problem issues related to geo-
graphic areas are intended to give detailed consideration to the 
interactions of water quality, environmental impacts, technological 
controls and the resulting economic, social and institutional 
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Table 1-5. Summary of water quality and related conditions for the Colorado River Basin. 
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Table 1-5. (Continuedo) 
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Table 1-6. Specific water quality parameters used to judge whether 
signifIcant problems exist in interfering with the bene-
ficial uses of water in a hydrologic subbasin in the 
Colorado River Basin (eRB). 
Parameters 
1. Salinity sources 
2. Salinity damages 
3. Municipal waste 
input 
4. Eutrophication 
5. Sedimentation in 
reservoirs 
6. Heavy metals 
7.. Temperature-
energy related 
Method of Estimating Whether Significant 
to the CRB 
Both the incr emental increas e in concentra-
tions TDS, (mg/l) and loadings (TDS, tons/yr) 
must be great (Table 1-5); this was arbitrar-
ily defined as when the product of the.6. conc. 
and 6, loading was greater than 100, 000 mg-
tons II-yr. 
This requires that both concentration and area of 
irrigated land be relatively great; arbitrarily 
TDS > 500 mg/l and irrigated agriculture greater 
than 50, 000 acres (Table 1-5) for a hydrologic 
subbasin were selected as the defined limits. 
Subbasins having cities greater than 5, 000 
people and observed violations of state stan-
dards for BOD and coliforms were noted in 
t hi sea t ego r y (T a b 1 e 1- 5) • 
All regions having reservoirs were assessed; 
tho s e having noted ,algal bloom pr 0 blems 
whether minor or serious were considered 
to have a nutrient loading problem (Talie 1-5). 
All subbasins having a major reservoir and 
receiving waters with typically high turbid-
ity were considered as having incipient or 
actual sedimentation problems. 
All subbasins were marked where violations 
of state water quality standards were observed 
(Table l-4;PAR T FOUR Table A-4.) 
All subbasins where current or potential de-
velopment of fossil fuel energy resources 
-we r e rna r ked (T a b 1 e 1- 5 ) • 
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Table I-b. (Continued) 
ParaITleter s 
8. TeITlperature-
reservoir related 
9" Industrial dis-
charges 
1 0 e Petroleurn spills 
11 Q Nitrates 
12. Pesticides 
130 Rare and endan-
gered species 
14. Recreation 
15. Ecosystem im-
pacts 
Method of EstiITlating Whether Significant 
to eRB 
All subbasins were hydroelectric power 
reservoir releases were ITlarked (Table 
1- 5). 
Subbasins were marked where organics 
(e. g., phenols) or other nonmenta1, indus-
trial pollutants were observed (PART FOUR 
Table A-4. ) 
Subbasins were ITlarked where reported 
large scale discharges of petroleum (pro-
ducts) occurred. 
Subbasins were marked where violation of 
US PHS Drinking Water Standards we re ob-
served (> 10 mg/l N03 -N)(PART FOUR 
Table A-4. ) 
Subbasins were marked where observations 
of pesticides were made (PAR T FOUR Table 
A-4. ) 
Subbasins were marked where rare and en-
dangered species have been observed (PART 
THREE Tables 53 and 54 pp. 187,191.) 
Subbasins were marked where significant 
recreation activities occur; subjectively 
based on type of recreation, use rates, 
size of area utilized, and projected impact 
of recreational activity on water quality 
Subbasins were rnarked where significant 
changes in aquatic food chain would occur 
where energy impacts are projected and 
where stream dewatering effects would be 
s i gnifi cant. 
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Ta bLe 1-7. Geographical occur rence of significant water quality 
probleITls in the Colorado River Basin. 
I ({) 
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(JJ .~ I bU I ~ 8 () I <t v III 0.. 0.. 
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.j..> (JJ ui () ~ iii .~ is Q) 1> ~ (JJ ::l rd I-. ;.!:1 r:r; ::;::" Q) is Q) z Q) I r:r; r:r; '0 Oll CIl I !>- ! s:: U) d ~ H" tl.O 
.0 t CIl Hydro- ::l .S ~ I H ::: Q) U) ...; '"0 OBERS ::;:: .S Q) (JJ ~ ll. UJ s:: logic r----. ~ 4-' CIl s:: Q) H ~ iii r.LI I I I () cd 
'Cd r.LI r:r; Q ll. CIl s:: ..... 1:: s:: ~ '"0 CIl Q) 
.8 ..Q 4-' I I .S 0 I 00 s:: Q) Q) tl.O 0.. Q) ::;:: 0.. 0.. ..... Z cd () CIl 4-' 8 ] 4-' oS 0 S S I V H S H ;U ;§ ("/"l .~ Q) ::l 
'0 4-' ~ 1> Q) '0 H 0 CIl ::l Q) ~ t-l 0 0 0 III U) Q ll. r.LI U) :r; <l ll. ll. Z t:-' r:r; 
New Fork UG 1 1401 
GR above LaBarge 2 1401 X 
GR above Fontenelle 3 1401 X X 
Big Sandy Creek 4 1401 X 
GR above GRC, Wy. 
f I 6 I 1401 X X X 
Blacks Fork 7 I 1401 I X X X X GR above FG Darn 8 I 1401 
I 
X X X X 
Little Snake 9 1402 X 
Yampa R 10 1402 X 
GR above J ens en 11 1402 X 
Ashley Creek 12 1403 X X 
Duchesne Rw. above Due. 13 1403 
Due. above Randlett 14 1403 X X X X 
White River 15 1402 X X X X 
Price River 16 1403 X X X X X 
GR above Green River, Ute 17 1403 X 
San Raphael 18 1403 X X 
CR above Hot Sulphur UM 1 1405 X 
Eagle River 2 1405 
CR above Glenwood Sp. 3 1405 X X 
Roaring Fork 4 1405 
CR above Plateau G. 5 1405 
Plateau Creek 6 1405 X 
Gunnison R above Gun. 7 1404 X 
CR above NFGR 8 1404 X 
Uncompahgre 9 1404,6 X X X X 
CR above Grand Junct. 10 1404-6 X 
CR above Col. - Ute Line 11 1405 X X X X X 
San Miguel & Dolores 12 1406 X X X 
CR above Cisco, Ute 13 1406 X 
CR above Lee Ferry 14 1406,8 X X X X X X 
San Juan above Arnboles US 1 1407 
SJ above Archeleta 2 1407 X X X X X 
Animas 3 1407 X X X X 
SJ above Farmington 4 1407 X X 
LaPlata 5 1407 X 
SJ above Shiprock 6 1407 
SJ above Bluff 7 1408 X X X X 
UPPER BASIN X X X 
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Ta b le 1- 7« Continuedo 
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'0 ~ '"0 >- Q) Q) '0 '0 o ~ J..j 0 ro ~ Q) :> ~ E-t ro on ti U) Q ~ U) :r: <J ~ ~ Z E-t t:r:: .... U) 
Grand Canyon LM 1 1502 Ix X Virgin River 2 1502 X X X 
Moapa 3 1502 X X X 
Hoover Darn 4 1502 X X X X X X 
Alamo Res. on Bill Wms. R. 5 1505 
Parker Dam 6 1502 X X X X X X 
Imperial Dam 7 1506 X X X 
San Luis 8 1506 X X 
Upper LCR LL 1 1501,3 X 
Middle LCR 2 1501 
Lower LCR above Blue Spr. 3 1501-2 X 
Gila above San Carlos Lake LG 1 1503 X X X X X 
Dry-S. of Upper Gila 2 1503-4 
San Carlo8 Lake 3 1503 X X X X X X 
San Pedro S. of Gila 4 1504 X 
Upper Salt 5 1501,3,5 X X X 
Roo sevelt Lake 6 1505 X 
Verde above Bartlet 7 1502,5 X X 
Phoenix: Gila & S.R. 8 1504,5 X X 
Tucson: Santa Cruz 9 1504 X X X 
Aqua Fvia above L. Pleasant 10 1505 X X 
Gila Phoenix to Painted Rock 11 1505 X X 
Gila Painted Rock to Yuma 12 1504-6 t X X X X 
Southern Calif. Se rvice Areas 
-
1808,1810 N/AX N/A 
Lower Basin (LB) 
- -
X 
LB + Service Area 
- -
X 
Total Basin (TB) 
- -
X X 
TB + Service Area 
- -
X X 
N/ A not applicable. 
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consequences of iITlpleITlenting the provisions of PL 92-500. To 
forITlulate study areas for detailed iITlpact analysis, these ITlajor 
pro bleITl types were further specified and geographically referenced. 
To adequately define and select the geographic areas for the study 
probleITls, the criteria in Table I-8 were applied. Using the tabu-
lation of probleITl occurrence in Table I-7 and applying these 
criteria allowed the definition of the probleITl study areas described 
in Table I-9. The subbasins were selected for analysis and de-
tailed studies in order to provide quantitative estiITlates of the 
effects of pollution abateITlent control levels defined under the Act, 
and thus establish for the particular subbasins studied relation-
ships between pollution control levels and the resulting water 
quality and related iITlpacts for respective subbasins. 
1. Salinity studies.. An accurate asseSSITlent of the irriga-
tion return flow and salinity probleITls required well-defined sub-
basins for which adequate physical data were available. Included 
in the data requireITlents were present water quantity and quality, 
water diversions for irrigation, irrigation ITlethods and efficiencies, 
and crop types. Also within the subbasin there were ITlajor diver-
sions for irrigated agriculture in relation to streaITl flow with the 
outflow streaITl containing significant salt concentrations. 
Three subbasins meeting these criteria were studied, naITlely 
the Duchesne River drainage in eastern Utah, the Grand Valley at 
the junction of the Gunnison and Colorado Rivers in Colorado, and 
the Palo Verde Irrigation District on the Colorado River near 
Blythe, California. The final selection of these three study areas 
was based on: 
(i). Availability of data. 
(H). The degree to which the subbasins are represen-
tative of different areas which contribute to the 
salinity probleITl within the Colorado River Basin. 
In this respect, the Duchesne River basin ITlight 
be regarded as a water producing area, Palo 
Verde as a water consuITlITling agricultural area, 
with the Grand Valley falls sOITlewhere between 
these two. 
(iii). The proportion of the land which is irrigated with-
in each of the study areas. 
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Table 1-8. Criteria for specifying geographic regions for studies 
of impacts of PL 92- 500. 
Criteria 
1. Subregion must contribute to 
',~ 
water quality problems as 
defined by P L 92- 500 
2. Available and recent reliable 
water quality data and other 
related data for the subregion 
are required 
3. Problem generating activities 
must be capable of evaluation 
in terms of PL 92- 500 
4. Subregion must have defineable 
geographic limits 
5. Pollution sources must be 
identifiable 
6. Data must be available to make 
projections and describe futures 
7. Must allow representation of 
problems specific to both upper 
and lower basin regions and 
include specific problems related 
uniquely to Colorado River -
list must include reservoir and 
stream reaches 
Relevant Parameters 
salinity, sediments, temperature, 
nutrients, metals, coliforms, 
BOD-DO 
flow, water quality, biota, 
societal, model available 
WWTP, IW, mining, energy, 
agriculture, recreation, other 
and natural point and non-point 
sources 
land uses, water uses, flow 
boundaries, ecotype boundaries 
land use s, -discharge permits 
agriculture, urban, industry, 
recreation, mining, energy, 
population projections, water 
use projections 
types of uses by society (see 5a) 
prevalent in subregions, warm 
vs. cold water ecotypes, high vs. 
lower salinity, types of recrea-
tional uses 
*pr oblems are basin- wide or subregion- wide 
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Table 1-9. Problem.s and geographic regions defined for study of impacts of PL 92-500 on 
the Colorado River Basin. 
--
PBERS Hydrologic Key Impacts Reach Character Issues Regions Sub- Subregions Cor Study Areas of Analysie at Present Data Source 
eglons 
Salinity Basin Wide Studies All All Physical SaUnity Sou,co. _d } Increaee in Salinity BOR, li&linity, Forum, 
Entire Basin pLus CaillorDia Technological Concentrating Pro- Concentration from State., f;PA, 303e 
Service Areas Economic/ Soda! cesses Headwaters to Plaa,. srORET, on-Institutional --Agricultural Salinity Mexican Border ,oin. , •• earch at CSU, 
Subba sin Studies --Natural USU ..... er reports, 
Duchesne River Basin l403 UG 13, l4 --Energy NCWQ studies 
Grand Valley, CoLorado 1405 UM lO,U --Water Storage SaUnity Ma88 Balance and Flows Palo Verde Irrigation District 1808 Irrigation Technology 
1810 Control and Damage Costs 
Institution Restraints 
' ..... 1. 
Municipal Entire Basin (some local issues All All Physical Treatment Methods Varies with NPDES, STORET. 
&: Industrial -in more detail) Technological Treatment Cost &: Effectiveness Locale OBERS, NCWQ 
ECfluente Economic/Social Energy Requirements Studies 
Institutional Population Increases 
Site- I) Green River; Jensen, Utah to 140Z UG9 to Envirorunental- Recreation 
All WQPpb 
Silty, High Flows, STORET, 303e. USBR, 
Specific Green River City, Utah 1403 UG 18 Technological Energy Salinity, Rare and BLM, USFS, FEA, 
Problems 1406 Population Increase (will use Endangered Species EPA 
Agriculture stream model) 
Small Municipalities 
aSalinity, eutrophication, and reservoir sedimentation will be emphasized. 
bWQPP = water quality problem parametere--includee salinity, BOD-DO, coliforms, nutriente, sediments, temperature, beavy metale. 
a. Duchesne River Basin. Duchesne River above 
Duchesne, Utah, subbasin. This subbasin lies in the upper por-
tion of the Duchesne River system and is drained primarily by the 
Duchesne and the Strawberry Rivers. Some hydrologic (stream 
flow) and salinity data are available for most of the major inflows 
to the basin. Exports from the subbasin are by way of the Duchesne 
Tunnel into Provo River, and the Rocky Point Canal which supplies 
irrigation water for lands lying downstream from the subbasin. 
Nearly the entire water supply for the developing Central Utah 
Project originates within this subbasin, with the Strawberry and 
Starvation Reservoirs constructed as components of this system. 
Although subject to some question, recorded data on water 
diversions for irrigation are available for use in the model veri-
fication. Irrigation flows maintain a near capacity soil moisture 
level throughout most of the growing season. The average overall 
irrigation efficiency is about 40 percent. Previous studies have 
suggested that the practice of irrigation contributes approximately 
one-seventh of the total salt outflow from the subbasin. 
Duchesne River above Randlett, Utah, subbasin. This sub-
basin encompasses the lower part of the Duchesne River and its 
tributaries, most of which drain the south side of the Uinta Moun-
tains. The hydrologic inputs are well defined. The salinity inputs 
also have been well monitored. This subbasin includes a large 
agricultural area, and the effect of irrigation on the outflow of 
both water and salt is pronounced. The area includes Rocky 
Point Canal near Duchesne, which imports water into the subbasin, 
and the Pleasant Valley and Pelican Lake Canals which export 
water from the subbasin. In addition, there are several small 
reservoirs within the subbasin such as Lake Boron and Montery 
Creek. Again, previous studies suggest that natural salt loading 
contributes about 55 percent of the total salt load increase within 
the subbasin. 
b. Grand Valley Subbasin. The Gunnison and Colorado 
Rivers join within this subbasin, and the flows of both rivers are 
recorded daily. Water for the approximately 80, 000 acres of 
irrigated land in this subbasin is diverted mainly from the two 
major rivers. Most diversions are measured and appear to be 
accurately recorded. Agricultural development is probably the 
most extensive of any area in the Upper Basin, and the annual 
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cropland evapotranspiration averages about 200,000 acre-feet. 
In addition, consuITlptive use by phreatophytes is estiITlated to be 
75,000 acre-feet annually (Hyatt, et al., 1970). Irrigation diver-
sions apparently ITlaintain the available soil ITloisture at near its 
capacity level ITlost of the tiITle. A total annual salt load of approx-
iITlately one ITlillion tons originates within the subbasin froITl both 
natural and agricultural sources. In addition, a sITlall aITlount of 
salt is added froITl other sources, such as industries in the 
Grand Junction area. Groundwater salinity concentrations are 
high, ranging between 2000 and 8000 ITlg /1. ApproxiITlately 2 per-
cent of the total water and salt outflows froITl the subbasin occur 
as subsurface ITloveITlent beneath the gage. These flows aITlount 
to an average of approxiITlately 100, 000 acre -feet of water and 
300, 000 tons of salt per year. 
c. Palo Verde. The Palo Verde irrigation district 
includes 104,000 acres, of which 92,000 were reported as being 
under irrigation in 1973. A large open collection drain services 
the area and discharges into the Colorado River. Outflows from 
this drain are ITleasured in terms of water quantity and quality 
(salinity) • 
2. Municipal and maj or industrial point source s. 
a. Problem background. Although population density 
within most of the hydrologic basin is low and the impact of waste 
effluents on the mainstem of the river is now small, the vast 
energy development potential of the basin could considerably in-
crease water demands and iITlpacts from both municipal and in-
dustrial (including mining) uses. Burgeoning population in areas 
of energy development could require abatement facilities to avoid 
serious deterioration of stream quality. Consequently, there may 
be a large impact associated with PL 92-500 required constructio~ 
of treatment facilities in the basin. 
b. Geographic region for study. Problems directly 
identified with municipal and industrial effluents occur in areas 
of growing population concentrations scattered throughout the 
basin. Because of the specific provisions for regulation of point 
source discharges prescribed in PL 92-500, municipal and indus-
trial effluent control will be impleITlented basinwide. In this 
context, questions as to the local costs and econoITlic impact of 
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treatment facilities were examined and summarized for the basin 
as a whole, and also compared with the effective improvement of 
in- stream water quality in the specific localities and the basin as 
a whole. 
3. Site specific environmental studies of water quality 
pr 0 blems.. Other water quality problems are serious in specific 
locales. Acid mine drainage and heavy metal pollution in tribu-
taries of the west slope of the Rockies, energy impacts on water 
quality, reservoir eutrophication and sedimentation problems, 
BOD-DO interactions below treatment facilities, and health prob-
lems from pathogens as evidenced by coliforms, all affect the 
stream environment. These effects may interfere with rare and 
endangered floral and faunal species and recreational pursuits. 
Meeting the provisions of PL 92-500 will also require attention to 
these local problems. Site-specific water quality problems were 
evaluated for selected regions representative of upstream and 
downstream reaches in which some critical environmental problems 
could occur, especially in the face of alternative future develop-
ment, in order to select a region that was particularly well-
suited for the environmental analysis conducted in conjunction 
with study areas II and VI-C of the National Commission on Water 
Quality. Since time and resource allowed the study of only one area 
in detail, the Green River from Jensen, Utah, tc Green River City, 
1.":-' an, was ~ ;~lected. This river reach and regiun includes small COIn-
Illunities, agricultural and recreational activities. Extensive 
energy development with consequent increases in population is 
projected. The river and tributaries reaches include streams 
which will be heavily impacted by energy development of the 
White River, population increase and energy development on the 
Duchesne and Green Rivers, and natural and agricultural salinity 
input on the Price River G The reaches also include areas of 
significant recreational and ecological value which will be im-
pacted by those uses (Ouray National Wildlife Refuge, Desolation 
and Gray Canyons on the Green River, White River Upper Plateaus, 
Upper reaches of the Duchesne and the Price Rivers). These 
reaches will serve as baseline refe~ence points against which 
proj ected pollutant inputs are contrasted. 
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DESCRIPTION OF IMPACT ISSUES 
FOR PHASE TWO STUDY 
Framework for Analysis of Impacts 
of PL 92-500 
Figure I- 6 presents a framework for identifying, organizing 
and analyzing the impact is sues resulting from the application of 
PL 92-500 to the major water quality problems and related geo-
graphic areas which were documented in the preceeding section. 
As indicated in the figure, PL 92-500 is aimed at controlling or 
modifying pollution dischar ges from various sources through the 
provisions and requirements of the Act, e. g. discharge controls 
(permits and effluent limitations), treatment technology, planning, 
and so on. The application of these controls to a pollution source 
will, in turn, engender a wide array of impacts. In essence, then, 
Figure I- 6 elaborates in detail the logic sequence for impact iden-
·tification and analysis laid out at the beginning of the chapter. 
Against this comprehensive framework, the impact studies of 
PL 92-500 in the Colorado River Basin were developed along two 
lines (although there is overlap since they are by no means mutu-
ally exclusive): 
1. Analysis of impacts for specific problems and 
geographic areas that might result from the 
implementation of PL 92-500. 
2. Analysis of impact issues in applying PL 92-500 
to the Colorado River Basin in general. 
In both the salinity and the municipal-industrial discharge studies 
these two themes are developed in detail in order to reach a level 
of resolution descriptive of the possible impacts of PL 92-500 in 
the basin. 
In examining the provisions of PL 92-500 against the sig-
nificant water quality problems, two areas of inquiry were defined 
which provide a focus for the impact evaluation of water quality 
problems and related geographic areas: 
10 Problems in applying PL 92-500 to particular pol-
lution sources and pollutants. 
2. Impact resulting from implementing the require-
ments of PL 92-500. 
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Framework for problem identification and impact issue description for 
the C R B. 
These two areas relate-applying PL 92-500 to problem sources 
and the impacts on physical, environmental, technological, 
economic, institutional and social systems resulting therefrom 
is depicted in Figure I-6e This was used as the basis for organ-
izing and evaluating the impact of the Act on the basin I s maj or 
water quality problems. A comprehensive summary of the range 
of impact issues for 1 and 2 above is presented in PAR T FOUR, 
APPENDIX I-D. The key impacts from this list are addressed in 
the detailed problem- subbasin studies. 
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CHAPTER 3 
BASIS FOR IMPACT ANALYSIS: POLLUTION ABATEMENT 
SCENARIOS AND ALTERNA TIVE FUTURES 
POLLUTION ABATEMENT SCENARIOS 
In analyzing impacts of PL 92-500, the requirements of the 
act as they pertain to specific target dates must be described 
(abatement scenarios) and consideration must be given to possible 
levels of population and economic activity in the basin (alternative 
futures). These two, of cours e, bear directly on the impacts to 
be evaluated. 
The goals and requirements of the act can be visualized 
most readily by considering the target dates for their adoption. 
These are presented in Table 1-10. Note that as the requirements 
become more stringent a possible deferred schedule of adoption is 
possible. Differences among "do nothing," "BPT," and/or "BAT" 
or "zero discharge" are the components of incremental impacts of 
the acL These schedules for adoption provide the basis for de-
scribing the abatement scenarios and the alternative futures used 
in the impact analysis. 
A scenario is a pollutant discharge control program for prob-
lem sources, controllable under PL 92-500 requirements. The 
major components of the scenario are the effluent limitations to 
be imposed, with each scenario entailing a different degree of 
stringency of discharge abatement. 
The municipal and industrial study focuses on water quality 
issues directly associated with pollutant discharge from point 
sources covered by EPA effluent guidelines and definitions. The 
salinity study focuses on water quality issues associated with ir-
rigated agriculture where guidelines and definitions for control 
of return flows have not been specified. The environmental site 
study contains elements of both point and nonpoint source controls. 
The scenarios, identified in the following paragraphs, are the 
basis for the analysis of regional impacts. 
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Table 1-10. Schedule of implementation of PL 92-500 considered 
in the analysis. 
Basic 
Scenario 
Do Nothing 
Best Practical 
Technology 
Best Available 
Technology 
Zero Discharge 
1975 
x 
MuniciE,al and Industrial Point 
Source Scenarios 
Target Date 
1977 1983 1985 2000 
x X X X 
X X X x 
X x x 
X x 
The_~'L77 L~!'_'I~~~~ari.£!. While conditions vary some-
what from state to state in the Colorado River Basin with respect 
to stream segment designation for waste load allocation and per-
mit system implementation, the following situation generally ap-
plies to the basin. The industries will achieve their permit con-
ditions or EPA guidelines on "best practicable technology!! and 
the municipalities, secondary treatment or the effluent loadings 
allowable on permits. Basically, this scenario anticipates 
achievement of BPT and secondary treatment in 1977. 
The II 1983 /BATII scenario. The guideline s defining II best 
available technology, economically achievable!! are applicable to 
industries. Municipalities will have achieved the EPA definition 
of secondary treatment. Hence, this scenario will also examine 
more stringent effluent limitations for municipal discharges, if 
the states have more stringent requirements, or more stringent 
requirements have been developed and applied under II water qual-
ity limited ll load allocations prior to 1983 0 Essentially, this 
scenario entails the achievement of effluent limitations in 1983. 
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T~~_'_t ~.!.~~~c:.!2-~~_~~Pi s c ha E g e ~~~C:.::L.~ Thi sse e nar i 0 
assumes that no discharger may add any pollutants to his waste 
streaITl. There is still a question as to the interpretation as to 
whether EOD means that the mass of all pollutant materials must 
be no greater than that which occurs in the intake water. It ap-
pears that response to EOD in the basin will vary. The munic-
ipalities and some industrial dischargers will continue to have a 
water effluent. However, TIlost energy oriented industries are 
planning total containment systems \vith no discharge. This 
scenario will be analyzed for the likely municipal and industrial 
responses where the impact will be different from the 1983/BAT 
scenario, particularly if the point source loadings are so large 
that the 1983 limitations do not achieve " swirnable or fishable lt 
water quality. 
Salinity. Control Scenarios for 
~E ic ~J:!:~E~_!3: e t~~~.Ll o~ 
First, it is iITlportant to note that EPA has not specified 
BPT or BAT for irrigation return flows. Hence, these terms 
have no definition in reference to irrigation return flows. Per-
mits that have been issued are monitoring permits only. Regard-
less of EPA I s difficulty in developing acceptable guidelines for 
control of irrigation return flows, nevertheless the impacts of 
several levels of control need to be assessed. The following set 
a brief background for specification of salinity control scenarios. 
Salinity control froITl irrigated agriculture. Generally 
speaking, salinity control considerations related to agriculture 
are concerned with salinity in irrigation return flows. The re-
sultant salinity in return flow is due to either concentrating of 
salts already in the water through evapotranspiration, or picking 
up of additional salt load as water percolates through the soil 
profile back to the stream, or both. Given these salt loading 
and concentrating processes, it is assumed that manipulation of 
the quantity and constituent quality of return flow ITlay be brought 
about in three basic ways: 
(1) Reductions in acreage irrigated 
(2) Changes in irrigation efficiency 
(3) Treatment of return flows to alter salinity. 
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The starting hypothesis for scenarios, then, is that control of 
salinity can be accomplished through control of irrigation return 
flow. Whether or not this is true for the salt loading and concen-
trating processes in a particular area or in general for the basin 
depends upon many factors which must be considered in the 
analysis of the salinity problem. Increases in irrigation efficiency, 
implying reduction of return flows, are achieved by increases in 
efficiencies of the water conveyance and on-farm application 
systems. Since the water available to the system is essentially 
dictated by nature, any increases in irrigation efficiency can 
basically be considered as a rerouting of water in the system. 
In other words, the quantities of water following the various flow 
paths in Figure I-7 may be rerouted in the system as a result of 
modification of uses. The key question, then is 
For a change in irrigation practice or pattern of diversion, 
what are the new routings (quantitative flows over the pos-
sible paths) and the resulting new salinity concentrations 
in the stream? 
Scenarios for irr~ated agriculture. Irrigation practice, 
including changes in technology, farm managem.ent, and institu-
tional arrangem.ents for water supply management and delivery 
to the farm, are important related considerations in prescribing 
control scenarios for improving irrigation efficiency. Elements 
of all three are involved in developing a set of assumptions for 
agricultural return flow controls that are roughly parallel to the 
general scenarios previously defined. Scenarios for irrigated 
agriculture are defined for the following four control levels and 
assumptions: 
1. Existing practice - system as is 
a. Water flow routings are unchanged 
b. Irrigation efficiency continues as is. 
2. Improve Ea through irrigation scheduling and system 
management with Ed as is (1977). 
This option implies alteration in existing irrigation 
scheduling patterns through better system management 
techniques without any capital improvements associated 
with improving or changing existing methods of application. 
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Figure 1-7. Diagram. illustrating the dispositon of water diverted for irrigation purposes. 
3. IlIlprove Ed with Ea as is (1983). 
This option entails upgrading conveyance systelIls 
through such lIleasures as canal lining and tighter con-
trol. On-farlIl efficiency continues as is. The burden 
of this option would fall on the water supplying entity 
and the individual farlIler. 
4. IlIlprove Ea through both lIlanagelIlent and upgrading of 
lIlethods of application where appropriate, and ilIlprove 
Ed (1985). 
This option represents upgrading to the lIlaxilIlUIIl 
extent feasible both the physical conveyance and delivery 
systelIl and als 0 lIlanagelIlent. 
The burden for return flow control options would be expected to 
fall on the individual farlIl operator and the irrigation, drainage, 
conservancy or other district or entity that conveys water frolIl 
or to a point of discharge on a waterway. In cases where there 
are identifiable point source discharges, salinity control in re-
turn flows could be accolIlplished directly by altering the quality 
constituents of the return flow strealIl through treatlIlent. This 
as SUInes that the flows can be captured or contained in order to 
apply treatlIlent. TreatlIlent options for relIloving or altering 
salinity include 
1. Evaporation of the water with precipitation and storage 
of salts, e. g., in the soil profile or water ilIlpoundlIlents. 
2. ContainlIlent of return flows and hence, salts. 
3. Desalting and disposal of salts outside the basin. 
A sUlIllIlary of the basic conditions defining the pollution 
abatelIlent scenarios is presented in Table 1-11. The findings 
with regard to irrigated agriculture are placed in the context of 
these control level scenarios to the lIlaxilIlum extent possible. 
However, recognizing that it is difficult to predict practice and 
treatlIlent options in the abs ence of EPA guideline s and definitions, 
and then predict with any accuracy when and how they lIlay be ilIl-
posed on irrigated agriculture, it was therefore neces sary for 
analysis to lIlake the best judglIlents possible on what controls 
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Table 1-11. Summary of abatement scenarios for irrigated agriculture. 
Control Level Options Disposition of Water From Increased Efficiency 
Target Irrigation Ea Ed Irrigated Consumptive Use 
Date Efficiency Management Technology Acreage River Energy Export Ag Comments 
75 As Is 0 0 0 Maintain As Is As Is --Current practice 
X NA NA NA Eliminate X Limiting extreme case 
BPT 77 Increase + 0 0 Maintain X 
Increase 0 0 + Maintain X 
Reduce X 
Increase X 
BAT 83 Increase + 0 + Maintain X 
EOD 85 Increase + + + Maintain X 
Special Reduce 0 Maintain X Contrasting case 
Analyses As Is 0 0 0 Reduce X Acreage reduction effect 
Increase + + + Maintain X CU effect 
;t::.. Increase + + + Maintain X 100 percent efficiency case 
0 Increase + + -I- Maintain X Minimum leaching 
Ea on farrn irrigation efficiency 
Ed delivery system efficiency 
+ increase efficiency 
-
decrease efficiency 
0 no change in efficiency 
X water disposition 
(practice or treatment) may be imposed, and then attempt to 
describe the impacts of such controls within the scenarios used. 
This approach allowed a display of the range of possible regional 
impacts for industry, municipalities, and irrigated agriculture, 
in a somewhat consistent and coordinated context. 
ALTERNATIVE FUTURES 
FOR THE BASIN 
Analysis of the scenarios for pollution abatement must also 
be accomplished in the context of alternative future combinations 
of water related developments in the basin. The dynamic forces 
taking place in the basin will alter the conditions to be faced in 
each of the target years. Industrial mix, labor force, population, 
water quality, and all other pertinent parameters will change over 
time. Thus, it is not relevant or valid to compare "do nothing" 
in 1975 with "best practicable technologyll in 1977, since conditions 
change with time. Numerous options exist for the future. Whether 
agriculture or energy will grow is of concern. It is relevant to 
make the most reasonable proj ection of the "do nothing" or "with-
out" situation for 1977 assuming certain energy or agriculture 
patterns, and compare it to the "BPT" or "with" situation for 
1977 for the same energy and agriculture projections. Accord-
ingly, the alternative futures develop a set of projections for the 
param.eters of concern without reference to the implementation 
of the act. These alternative futures are keyed to the general 
schedules of implementation of PL 92-500, described by the 
scenarios. 
The major resource development projects or changes and 
reallocations in resource used, that could have major effects on 
the implementation of PL 92-500, fall into the following areas: 
1. Energy development 
2. Agriculture patterns 
3. Related service sector and population changes. 
The alternative futures were established on the assum.ption of 
what might be reasonably expected to occur in the region. 
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Baseline Projections of Population 
and Economic A.ctivity 
Introduction. The assessment of potential changes in water 
quality in the Colorado River Basin and the impact of improved 
water quality on economic activity requires projections of future 
trends of population, employment, and income. This section out-
line s the methodology for detailed projections of economic activity 
for each of the 16 water resources subareas that are under study. 
The projections conform to the series liEf! water resources sub-
area data provided to the W·ater Resources Council. These 
projections will constitute a neutral or baseline data set which 
will serve as a basis for comparison for projections made under 
assumptions about alternative economic futures. The following 
briefly discusses the background of the development of the water 
resources subarea projections and the assumptions and methods 
used in making those projections. PAR T FOUR, Appendix I-E 
contains detailed projections for each water resources subarea 
in the study region. 
Background on the water resources subarea projections. 
Although originally designed to meet the need for basic economic 
information by public agencies engaged in comprehensive planning 
for use, management, and development of the nation's water and 
related resources, the water resources subarea projections are 
being used in a variety of other purposes both public and private. 
For example, the Council on Environmental Quality has made the 
water resources subarea projections the standard for use in all 
environmental impact statements which would pertain to a variety 
of public and private actions. The program was initiated in 1964 
by the Water Resources Council (WRC). The name water resources 
subarea signified a unified effort by the Office of Business Econ-
omics (later known as the Bureau of Economic A.nalysis) in the 
De So Department of Commerce and the Economic Research Ser-
vice in the D. S. Department of Agriculture. 
The projections have been made for states, standard metro-
politan statistical areas, water resources subregions and subareas, 
and the set of Bureau of Economic Analysis economic areas. The 
spatial units under consideration here, are the water resource s 
subareas. In their original data source, the projections are made 
for the years 1980, 1985, 1990, 2000, and 2020. To make these 
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directly applicable to the work of the National Water Quality Com-
mis sion linear interpolations have been made for 1975, 1977, and 
1983 to correspond to the year s of critical importance as defined 
in PL 92- 500. 
The objective of the water resources subarea program is to 
provide: 
1. A. regional economic information system with provisions 
for rapid and flexible data retrieval. 
2. Near-term (1980- 1990), mid-term (2000), and far-
term (2020) projections of population, economic 
activity, and land use for the nation and its geographic 
subdivisions. 
3. Special analytical systems designed for use in water 
resources and other public investment planning. 
Projections methodology. The water resources subarea 
projections are essentially long-run or secular trands; they do 
not as sume any type of cyclical fluctuations which characterize 
the short-run path of the economy. The following are the primary 
assumptions that underlie the projections for the national economy: 
1. Population growth is based on a birth rate which will 
eventually result in no further population growth. 
That is, the rate of natural increase at the national 
level represents a replacement level fertility. 
2. The unemployment rate will average four percent for 
the nation; this does not imply that there will not be 
significant regional differentials in that variable. 
3. The projections are assumed to be free of the imme-
diate and direct effects of war s. 
4. Technological progre s s and capital accumulation will 
support a growth in private output per man hour of 2. 9 
percent annually. 
The regional projections are based on some additional assumtions: 
1. Most factors that have influenced historical shifts in 
regional export industry location will continue in the 
future with varying degrees of intensity. 
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2. Trends toward economic area self-sufficiency in local-
service industries will continue. 
3. Workers will migrate to areas of economic opportunity 
and away from slow-growth or declining areas. 
4. Regional earnings per worker and income per capita 
will continue to converge toward the national average. 
5. Regional employment-population ratios will tend to 
move toward the national ratio. 
Assum.ptions (1) and (2) suggest the combination of export 
base and shift-share theories of regional economic growth (Ashby, 
1964). AssuITlptions (3) and (4) reflect the Borts -Stein theory 
of regional development and open economy (Borts and Stein, 1964). 
After giving consideration to input-output and linear progranuning 
models for projecting industry employment at the regional level, 
the developers of the water resources subarea projections adopted 
a shift ... share ptojections methodology. 
Essentially, the shift-share analysis disaggregates regional 
employment chang e into two components: (1) A pr oportional 
growth element that assigns to that regional industry growth in 
proportion to industry growth at the national level; and (2) a 
differential growth component which accounts for the difference 
between actual and proportional growth. The latter component 
. " • is presumed to be connected with some regional 
competitive advantage (or disadvantage if the term is 
negative) in the industry. That is, the region presum-
ably grows faster or slower than the rest of the nation 
with respect to the industry in question because of differ-
ences in the productivity of the factors of production in 
the region relative to all other regions. (U. S. Depart-
ment of Commerce, Bureau of Economic Analysis, 
1972, p. 24) 
Mathematically, the model can be written 
t 
E .. = 
1J 
(E~ /E~) E~ + C t - x 
10 10 1J ij 
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(1) 
in which the subscripts i, j refer to the ith industry and the 
jth region, the subscript 0 refers to a summation over the sub-
script it has replaced, and the superscripts t and x refer to 
the terminal and base time period of the historic period, respect-
ively. The first term on the right hand side of the equation is the 
proportional shift and the second term, ct:-x, is the competitive 
shift or the difference between the hypothet1cal leve 1 or level pre-
dicted by the proportional shift and the regional level actually 
attained in the industry over the same time period. 
Given a projection of total national employment in industry 
... 1... t ~:, 
i for a future year t'" (E .. ) the regional projection for that 
1J 
industry is given by 
e:~ -t 
The projected value of the competitive shift (C.. ) is 
1J given by 
-'-(" -t 
C .. 
1J 
t t (6(E .. /E. ) 
1J 10 
(2) 
(3 ) 
which is a trend extension of a region's historic percent of the 
national total of employment in a given industry. 
The shift- share techniques are applied only to the basic or 
export industries. Projections of employment in the local- service 
or typically residentiary sectors is projected using an export 
base multiplier concept. A.lthough the actual technique used to 
make the water resources subareas' projections was somewhat 
more complicated, it is based on the following model. Total em-
ployment (E) is identically equal to the sum of basin employment 
(Eb ) and nonbasic employment (En) 
Nonbasic eITlployment is a linear function of the basic 
e:mployment 
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(4) 
(5) 
So if basic employment is estimated for any future time period, 
t>:(, nonbasic employment can be determined directly from 
Equation (5). 
As regional variations in the rate of natural increase in 
population are quite small, the most important element in pro-
jecting regional population is interarea migration. In general, 
migration is assumed to be a function of economic opportunity. 
That is, migration is typically made in response to rapidly 
expanding employment opportunities ~ 
In projecting the functional relationship between 
the labor pool of population and ernployment, the 
regional ratio of labor pool to ernployment in 1970 
is moved toward a national ratio. It is assumed, 
however, that the differential between the regional 
and national ratios will be reduced rather than elirn-
inated by the end of the proj ected period. The formula 
us ed to proj e ct an economic a rea I s labor pool-ern ploy -
ment ratio is as follows: (U.S. Department of Cornmerce, 
Bureau of Economic Analysis, 1972, p. 27) 
t", t", p:970 1970 'I' P. p'I' P (t>:( - 1980) ...J ___ 0 _1 __ 0 (1 = + ---- - · 15 ---1-0-- ) t>:( t", 1970 1970 'I' 
E. E E. E 
J 0 J 0 
P is population and other symbols e as previously designated. 
At each step in the procedure the sum of regional project-
ions was adjusted so that they would equal the national total. In 
general, these adjustments were les s than 0.2 percent of the 
initial estimate suggesting a high degree of consistency between 
the regional and national projections techniques. All differences 
were prorated among areas so that the sum of the variable over 
all economic areas equalled the independently derived national 
totals. 
Projected earnings for each industry were derived as 
follows: 
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First the projected LQ [location quotient] for each 
residentiary industry (item 1) was multiplied by the 
projected national ratio of earnings in that residentiary 
industry to total national earnings (item 2). This com-
putation gave the projected share of the residentiary 
industry in the area's total all-industry earnings. 
These shares were sununed for all residentiary in-
dustries in the area. Subtracting the sum of resi-
dentiary shares from unity gave the export industry 
share. Division of this share into the projected ab-
solute value of total export earnings--already calculated--, 
yielded projected total all-industry earnings for the area. 
To this total was applied a projected share of each resi-
dentiary industry in the area's total all-industry earn-
ings (product of items land 2) to obtain the projected 
abs olute value of earnings in each re sidentiary indus-
try in each area. The sum of the area values for each 
residentiary industry was forced to equal the previously 
projected national total for the industry, thereby keeping 
the projected series within the framework of the national 
proj ections. (U. S. Department of C omme rce, Bureau 
of Economic Analysis, 1972, p. 27) 
The set of tables in PAR T FOUR, Appendix I-E represents 
the actual or estimated data for the years 1950, 1962, 1969, 1970, 
and 1971, and proj ections for the year s identified ear lier. The 
data has been compiled for the entire set of 16 water resources 
subareas in the Colorado Basin, and a separate table for each 
is included. 
Re gional data summarizing actual and proj ected economic 
growth during the periods 1950-1970 and 1970-1990 are shown in 
Table 1-12. The relationship of regional to national growth is 
also indicated by a (+) or (-) to the right of each item. A "plus" 
sign indicated growth at rates above that for the nation and a 
"minus" sign indicates slower than national growth. 
In terms of population growth, one -half of the areas grew 
more rapidly than did the country during the 1950-70 period, but 
five areas experienced absolute decline s in population. The pro-
jections for 1970-90 indicate a general slowing of population 
growth in the Colorado Basin (only one area, Upper Green, 
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Table 1-12. Growth of population and personal incoITle in water resources subareas in the 
Colorado River SysteITl, 1950-1970. 
______ ~p~o~p_ul~tio~n~ __________ _ 
Percent.:J.ge. ch.:J.nge 
\'l:nter _ -·-~---=-==:::::::::-=-a--~:--=·=-:-=·";"~-=-~ Personal Income 
Resources 
Subetrea 1950 1970 1950-1970 1950 IS70 Percentage change 
1401 Upper Green -,-::;----~:-=;_:;_;:-------____;:____;::_;:;_------____:::_:__:o_::_::_---__,::__:_=___:--------1J...:<9c...:SQ-=-l9 70 41,147 38,719 -5.9% 84,805 125,lb8 ~7.~G~Z=-----
1402 Yarr.pet-h'hite 19,604 18,103 -7.6 33,570 61,193 E2.3 
1403 Lower Green 50,153 lI1,215 -17.8 65,120 98,451 51. 2 
1404 Gunnison 25,446 24,810 -2.5 33,487 60,116 79.5 
1405 Colorado-Hea&Naters 61,827 90,370 46.2 105,518 254,305 141.0 
1406 Color.:J.cio-Dolores 21,801 28, 752 31. 9 35,625 77,442 117.4 
1407 Upper San Juan 47,872 88,697 85.3 67,575 213,184 215.5 
1408 Colorado-San Juan 14,115 16,7~7 19.0 18,890 33.409 76.9 
1501 Little Colorado 83,469 124,139 45.2 94,106 252,917 168.7 
1502 Colorado-Lake Mead 95,386 367,189 284.9 217,067 1.321,245 508.7 
1503 Upper Gila 56,635 56,203 
-0.8 113,201 166,256 46.9 
1504 Gila-San Pedro 227,165 501,584 120.8 423,527 1,583,302 273.8 
1505 Gila-Salt 384,177 1,045,971 172.3 717,060 3,492,645 387.1 
1506 Colorado-Lake Mohave 28,246 61,497 117.7 76,176 148,721 95.2 
1808 South Coastal 5,538,141 11,344,489 104.8 14,228,670 44,868,796 215.3 
1810 Co1oracio Desert 63,515 74,844 17.8 174,138 296,253 70.1 
United States 151,236,648 203,85"",864 3ft. 8 312,147,612 708,583,931 127.0 
a In thousands of 1967 dollars 
Source: U.S. Department of Commerce, 1974. 1972 OBERS Project~ons; Regi9nal Economic, Activity in the 
United States. (Hashington, D. C.) u. S. Government Pn.nting Ofb.ce. 
has increased its population growth rate over the historic period) 
reflecting a slowing of that growth in the nation. Only five of the 
16 areas are projected to increase in population at rates in exces s 
of 20. 7 percent, the projected national growth rate. Projected 
growth in the basin will be sin1ilar to population change although 
only three areas will experience en1ploYn1ent growth at rates 
above the national rate. 
The average rate of increase in per capita income in the 
basin for both the historic and projected periods is approximately 
the same as that for the United State s. The variation among regions, 
however, is substantial. The increase during the 1950-70 period 
ranged from 44 percent (Colorado Desert) to 97 percent (Yampa-
White); during the projected period the range is from 66. 5 percent 
(Colorado-Lake Mojave) to 101 percent (Colorado-San Juan). The 
water resources subarea model is based on the assumption that 
regional levels of per capita income will conver ge to the national 
average over time. This explains why those areas with the low-
est income levels in 1970 are expected, in general, to experience 
the greatest rates of increase in the future. 
One of the biggest projected changes in the basin's future is 
the potential for energy developn1ent. Much of this will occur in 
sparsely settled sections of the Upper Basin. National and inter-
national pres sures are mounting for developn1ent of a variety of 
energy resources. Potentially overwheln1ing changes are likely 
for n1any areas. An extensive review of planned and potential 
energy developments was cOn1piled in order to derive specific 
projections for population and water withdrawals for various 
alternative futures. 
Precis e projections of future energy developn1ent in the 
Colorado River Basin are not pos sible because of the high degree 
of uncertainty ass ociated with n1any of the technological options. 
Many of the projected nUn1bers which are being passed through 
the literature fron1 report to report contain serious inconsisten-
cies or fail to take into account certain in1portant considerations. 
The data in Table 1-13 tabulate available projections for energy 
developn1ent. To assess their validity, the discussion which 
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Table 1-13. Energy production level. 
':IiIl!1!;:; ~ 
-
1liII ~. 
"" 
Water 10; G) Coat Fired Coal Coal Sturr y Coat Mining U :> +-' Electrica 1 Gasification Resource ::l Q) ;:l (LO 6tons I y) (LO 6tons I y) 'D .-< ~ (MW) (CF IDxL06) Subarea o ~ ...... 
H 0 +> 
77 83 90 77 83 90 77 83 90 77 83 90 jJ, ...... ~ 
1401 H 1500 2000 ~OO 250 16 l6 6 24 42 
P l500 2000 2500 0 0 0 0 0 l6 6 24 34 
L l500 2000 2000 0 0 0 6 8 8 
1402 H 250 LOLO 8420 7 7 1 4 33 p 250 L010 toto 0 0 7 1 4 4 
L 250 L010 lOto 0 0 1 4 4 
1403 H 860 l820 3945 3.4 6.7 l4.5 
p 845 1675 l675 3.4 6.7 6.7 
L 845 l675 1675 3.4 6.7 6.7 
1404 H 0 0 550 0 0 2.2 
P 0 0 
L 0 0 
1405 H 
P 
L 
1406 H 
p 
L 
1407 H 350 U50 4350 l535 L785 
: I 
4 l.4 60.2 81.l 
P 350 U50 4350 0 lll3 l535 0 4 L.4 60.2' Sl.t 
l350 l350 a 60.2 60.2 L 350 0 0 4 1.4 
1408 H o klE80 E830 864 3.3 l5 6l.5 
p o 750 5330 0 0 c 0 0 0 0 3 lS 
L o 750 2250 C 0 3 9 
1501 H 250 5900 5900 LO 7.5 7.5 
P 250 5900 5900 l.0 7.5 7.5 
L 250 5500 5900 1.0 6.2 7.5 
*~_&m!!IA 
" .. :'!IlIZIl!~ 
Hydro Nuclear Oil Shale Tar Sands 
(MW) (MW) (LOOO bar re ls) (lOOO barrels) 
77 1 83 90 771 83 J 90 77 83 90 77 83 90 
r • '~-I'~="~r-I 
0 160 400 
0 0 160 
0 0 0 
0 toO 350 109 L09 
0 Q LOO 0 30 109 
0 0 0 0 0 
0 3lS 5S0 
0 31S 
o I 0 0 2.8 2.8 0 to 50 
2.S 2.8 
I 
0 LO 
2.8 2.S 0 0 
I 
I 
I 
20 lOO ! 
0 0 20 
0 0 
I 
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Table 1-13. (Continued.) 
I a:; (j) 
Water u :> ~ 
Resource ~~8 o s::: ..... 
Subarea l-i 0 ~ ~ ..... (/J 
1502 
1503 
1504 
1505 
H 
P 
L 
~ (j) 
H 
p 
L 
H 
p 
L 
H 
p 
L 
H 
P 
L 
high 
probable 
low 
Coal Fired 
Electrical 
(MW) 
77 83 
2375 i487 c 
2275 14375 
2275 ~625 
0 350 
350 
350 
0 360 
360 
360 
90 
~75 
14875 
14875 
350 
350 
350 
360 
360 
360 
MW 
CF/D 
Coal 
Goal Slurry Gasification 
(CF /DxL06) (LO 6tons / y) 
77 83 90 77 83 L90 
2.2 2..2 
0 2.2 2.2 
2.2 2.2 
I 
megawatts 
cubic feet per day 
~. 
-
-. 
-
.-
Coal Mining Hydro Nuclear Oil Shale Tar Sands 
(LO 6tons / y) (MW) (MW) (LOOO ba rre ls) (LOOO barre ls) 
77 83 90 77 183 90 77 83 90 77_ rJL3-.!-90 . 77 .83 , ~ 
6.5 l6.3 16.3 l40C 
6.0 l4.3 16.3 0 0 
6.0 11.3 16.3 
I 
0 .7 .7 
I .7 .7 
.7 .7 
! 0 lo5 1.5 0 500 500 0 254~8LO l.5 l.5 500 500 2540 8l~ 
I t.5 1.5 500 500 242 42 
Shale oil. The vast reserves of oil shale in the Colorado 
------
River Basin have been regarded as the great hope that would 
solve the national long range petroleum. shortage. It appears 
that developers are not moving rapidly. Costs of production 
with known technology a re expected to be in the range of $15 pe r 
barrel (Rothfold, 1975). Assurance of a price above costs would 
likely result in substantial development. 
Current estimates of water requirements for mlnlng, crush-
ing, retorting, handling, refining, and disposal of the spent shale 
are 7,600 to 18,900 acre-feet/year for a 100,000 bbl of syncrude 
per day operation (Western States Water Council, 1974). (This 
figure may be greatly reduced if in situ processing proves feas-
ible.) The maximum production projected by this study in 1990 
amounts to about 1.3 million bbls per day in 1990. The maximum 
projected water requirements would be 220, 000 acre-feet/year. 
There has been concern expressed regarding the possibility of 
return flow from shale oil operations adding significantly to 
salinity and sediment loadings of the river system. Attempts to 
model this situation at this point obviously require assumptions 
which cannot be substantiated and quantitative results are there-
fore highly questionable. It seems possible that since nearly 
half of the water requirement is for stabilization of the spent shale 
that 10'w quality water such as the saline groundwater which under-
lies most shale deposits could be used for that purpose. 
Manpower requirements for oil shale depend on the process 
used, but the requirements will be large, es pecially as they re-
late to the remote areas subject to development. Refining will 
also be large, in that possibly 20,000 to 40,000 man-years of 
labor (including construction) could be required in some years. 
Employment increases of this magnitude would result in popula-
tion increases in excess of 150,000 above current levels. Be-
cause of the localized nature of oil shale deposits, this popula-
tion increment would concentrate in two or three producing areas 
in western Colorado and eastern Utah within water resources sub-
areas 1402, 1403, and 1405. 
O~~nd ~a!..~r_aJ_ga~~xt.E~~!...ion..! The assessment of oil and 
gas production indicates those regions where it has been impor-
tant' but has not in general succeeded in providinga basis for 
realistic projections into the future. Water requirements 
53 
associated with oil and gas extraction are minimal. Nationwide 
the requirements for drilling is reputed to be 37, 000 acre -feet 
per year (Davis and Wood, 1974). Assuming an annual domestic 
production of oil of 4 billion bbls, this suggests that only about 
3 gallons of water are required per bbl of oil produced which is 
less than 10 percent of the water requirements for refining the 
oil produced. About 50 million bbls of oil were produced in the 
Colorado River Basin in 1972 (The Minerals Yearbook, 1972), 
(It is interesting to note at this point that the total annual oil 
production of the entire Colorado River Basin would run the country 
for only three days.) All this in turn suggests that the total annual 
water requirements for oil extraction in the Colorado River Basin 
amount to less than 500 acre-feet per year. 
TaE-~nds. Tar sand deposits, principally in Utah, are 
being looked to with considerable optimism. It appears that pro-
duction of oil from tar sands is less capital intensive (Gill, 1974) 
and uses far less water (Lowe, 1974) than production of syncrude 
from oil shale. It is not -anticipated that production volume will be 
large but there could be substantial impact in local areas. Avail-
able information suggests that total production by 1990 might ap-
proach the 250, 000 bbl/ day range. Again it is impossible to make 
realistic projections. Water requirements are minimal being on 
the order of 20 gallons of water per barrel of oil (Gill, 1974) which 
is equivalent to 1500 acre-feet/year for 50,000 bbl/day production 
plant. 
SO~2:...pow_~r..: Often overlool< in solar power feasibility 
studies are the rather large quantities of water which would be 
required. It is expected that substantially greater water use per 
unit of power produced would be required than in fossil fuel fired 
or nuclear electrical generating plants because of low thermal 
efficiencies. Again there is no basis for proj ections of thermal 
solar systems. However, it should be kept in mind that regions 
of the Colorado River Basin are regarded as the prime solar 
energy gathering areas of the country and that large sums of 
llloney are being allocated to solar power research. It is not 
anticipated, however, that significant development will be ex-
perienced prior to the year 2000. 
Coal mining. A tremendous increas e in coal production 
will be required to provide feed stock for the coal fired electrical 
54 
generating plants, the coal gasification plants, and the coal slurry 
pipelines projected in the basin. This study indicates tha t coal 
production in the basin will have to increase from approximately 
16 million tons/yr in 1971 (The Minerals Yearbook, 1972) to 260 
million tons / yr in 1990 if a1l the propos ed plants and pipelines 
are constructed. It is not likely that such production levels will 
be achieved, however, due to various constraints including the 
availability of labor and equipment. Assuming that a maximum 
20 gallons of water are required per ton of coal mined (Water 
Resources Council, 1974) which is equivalent to 61 acre-feet/ 
million tons only about 16, 000 acre -feet of water per year would 
be required to meet this huge increase in coal production. Ob-
viously the water requirements for coal mining are minimal com-
pared with the water required to convert that coal into electricity 
or gas. 
Preliminary estimates suggest that increased direct op-
eration and maintenance employment could exceed 6000 before 
the year 2000. Thus, population could be expected to expand by 
some 25 to 30 thousand during this period. Although coal mining 
is not so concentrated as oil shale, the major social-economic 
impact would occur in the Four Corners region of the basin. 
N:~.!.~~~le~.!.~ic generating plants. Apparently only two 
nuclear electric generating plants are being planned in the for-
seeable future for the Colorado River Basin, both of which are 
in the Palo Verde area. The Palo Verde plant to be located at 
Wintersburg, Arizona, is designed to use municipal waste water 
as cooling water with an estimated cost of pretreatment in ex-
cess of $100/acre-feet (Rogers, 1975). This water should prob-
ably be considered as a depletion because it will be evaporated 
to the atmosphere rather than being returned to the groundwater 
system. The Sundesert Nuclear Power Plant, being planned for 
initial operation in 1985 by San Diego Gas and Electric Com.pany, 
would be located in the Palo Verde Valley and us e Palo Verde 
Irrigation District drain water. 
G~~ther:r.:!l~lEoweE...:... There appears to be relatively few 
surface m.anifestations of geothermal energy resources in the 
entire Colorado River Basin. There is no basis for assuming 
that geothermal energy developTIlent will have a significant im-
pact in the basin before the turn of the century. 
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.f~~!~lurrx~~lin~~._ A concept which is gaining a great 
deal of support is the notion of putting low sulfur western coal 
into a pipeline and delivering it to points on the West and Gulf 
coasts. A number of pipelines originating in the basin have been 
proposed (Wasp, 1974). The water requirements for such an 
enterprise amount to about 800 acre -feet per million tons of coal 
slurried (Western States Water Council, 1974). Thus for 30 m.il-
lion tons of coal per year the water requirement would be about 
23, 000 acre -feet! year. It seems probable that rather low quality 
water could be used for this purpose. Perhaps the highly saline 
water from mineral springs or that underlying oil shale deposits 
could be used so that coal could be exported from the basin while 
possibly reducing the salt loading on the river systern. 
Hydroelectric power generation. Even though the nationt s 
energy shortfall and the upward spiral in energy costs have gener-
ated renewed interest in hydropower there appears to be little 
chance that additional darns will be built for the purpose of pro-
ducing power. About 2900 megawatts of hydroelectric power 
capacity are installed in the Colorado River Basin. The water 
requirernent associated with this forrn of energy developrnent 
results frorn the increased evaporation frorn the reservoir created 
behind the power darn. Using the data frorn Lake Mead, Lake 
Powell, and Flam.ing Gorge Reservoir (Hughes et al. , 1974 ) (USBR, 
1973), it appears that an average of 625, 000 acre -feet!1 000 m.w of 
installed capacity is the annual water use. This arnounts to rnore 
than 40 tirnes the unit water requirements for power production 
frorn coal fired plants. Of course, this water loss cannot al1 be 
attributed to power production with flood control recreation, and 
irrigation involved, but it rnay be difficult to justify rnore hydro-
power in a region where water supplies are lirnited. It is estirna-
ted that present evaporation loss frorn lakes and reservoirs behind 
power darns in the Colorado River Basin arnounts to approxirnately 
1. 8 rnillion acre -feet! year (Hughe s et al. , 1974 ), (USBR, 1973) 
which exceeds the total water requirernents for all other contern-
plated energy developrnent cornbined. 
W~~~~~..E..r..?jectioE~..! Tables 1-14 and 1-15 show a surnmary 
of estirnated water requirernents for energy production in the Colo-
rado River Basin in 1990. In atternpting to answer the question 
regarding whether or not sufficient water will be available for 
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Table I-14. Projected energy development increase by 1990 from base year 1974 for 
Colorado River Basin. 
Production Level Estim.ate Annual Water Use 1000's of acre-ft 
Low Probable High Low Probable High 
Coal Fired Elec. Gen. (MW) 19, 770 26,350 37,080 243 303 525 
6 
Coal Gasification (10 cf/d) 250 1,785 2,877 0 63 142 
Coal Slurry Pipeline (10 6 ton/yr) 6. 2 29.2 32 .. 2 2 20 23 
Coal Mining (10 6 ton / yr ) 113.9 165.8 260. 1 4 10 16 
Hydro (MW) 503 503 1,903 >!~ :;!< ... -' ....... 1 .... ... 1 ....... 1 ... .... , ...... 1 ... ...' ....... , ... 
Nuclear (MW) 2,426 3,810 3,810 50 90 105 
Oil Shale (thousand barrels) 0 578 1,280 0 68 220 
Tar Sands (thousand barrels) 0 139 259 0 5 9 
299 599 1040 
... 1. ..... 1 .... 
"I".' Could vary substantially depending on what fraction of evaporation losses are charged 
to power production. 
Ul 
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Table 1-15. Water consumption level associated with energy development. 
• R ~ > ~ Coo.. l Fir e d C oa l C oa l 1 "Water I ~ G) r: . I 
. esource .-' Q) Coal 
Mining S b 'V ..-I E Electrica l Gasification i Slurry u area 0 C . .-< 
; rt .~ ~ 77 I 8 3 ~[ 77 1 83 J 90 I 77 ! 83 ! 90 
1401 
1402 
1403 
1404 
1405 
1406 
1407 
1408 
1501 
H 
P 
L 
H 
P 
L 
H 
P 
L 
H 
P 
L 
H 
P 
L 
H 
P 
L 
H 
P 
L 
H 
P 
L 
H 
P 
L 
30 140 178 30 40 48 
30 40 40 
5 
4 
4 
l4 
l2 
t2 
6 
6 
6 
o 
o 
o 
t81t32 
l5 t7 
t5 l5 
28 53 
24 24 
24 24 
23 52 
23 23 
23 23 
7L 104 
l2 85 
l2 35 
3 I 24 I 24 
3124 24 
3 L9 24 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o l5 
o 0 
o 0 
63 
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o 
o 
o 
o 
74 
63 
o 
53 
o 
o 
771~~ 
o Il3 I' l3 1 AI .51 2. 6 o 0 t3 A .5 2. t 
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Table 1-15. (Continued.) 
Water I Q) (!) 
Resource g ~ ~ 
'"d .-. S 
Subarea o Q:jj P: .8 ;:; 
1502 H 
P 
L 
1503 H 
P 
L 
1504 H 
P 
L 
1505 H 
P 
L 
-
H 
P 
L 
high 
probable 
low 
... 
. -
Coal Fired Coal Coal 
Electrical Ga sifica tion Slurry 
77 
35 
33 
33 
0 
0 
0 
0 
0 
0 
-
83 90 77 
75 75 
68 75 
55 75 
5 5 
5 5 
5 5 
2 2 
2 2 
2 2 
-'---~ 
MW 
CF/D 
83 90 77 83 
0 2 
0 2 
0 2 
megawatts 
cubic feet per day 
90 
2 
2 
2 
Coal Oil Tar 
Mining Hydro Nuclear Shale Sands 
77 83 90 77 83 90 77 83 90 77 83 90 77 83 90 
.4 l. L lol 
.4 .8 L. L ? ? ? 
.4 .6 L.L 
0 
• L • l 
0 • L .L 
0 
• L .l 
• L • L • l 0 70 lOS 
• L .l · l ? ? ? 0 60 90 
• L • L .L 0 50 50 
energy development it may be helpful to look at the data in Table 
1-16 which show a computation of the percent increase in cost of 
product if energy developers paid $1,000 per acre-foot for water 
as opposed to getting it free. 
Summary of calculation procedures. The calculation pro-
cedures used in preparing energy development tables are as 
follows: 
1. Water requirement for: 
(a) Rower plant cooling were taken directly from the 
referenced source material wherever possible. 
Generally these figures correspond fairly well 
with the accepted value of 15 acre -feet per mega-
watt year which was used wherever reference not 
available. 
(b) coal gasificat:0~ were taken from the referenced 
source as shown in the table and double-checked 
with values of 10,000 to 45,000 acre-feet/year/ 
250 million SCF I day plant as given in U SDr 
(1974). 
(c) coal slurry pipelines calculated on the basis of 
20, 000 acre -feet/ 25 million tons (Western States 
Water Council, 1974). 
(d) coal mining taken as 20 gallons /ton which trans-
lates to 61 acre-feet/1 million tons of coal. This 
includes dust control, washing and revegetation. 
(e) oil shale mining and processing were taken as 
9000 acre-feet/yr/50, 000 BPD plant (Roth£eld, 
1975) e 
(f) tar sands mlnlng and proces sing calculated on the 
basis of 20 gallons/barrel of oil (Lowe, 1974) which 
translates to 300 acre-feet/yr/ 10,000 BPD plant. 
2. Coal production required to feed coal gasification plants 
calculated on the basis of 98 tons of coal for each mil-
lion SCF of gas produced (USDI, 1974). 
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Table 1-16. Calculated increase in cost of product for various types of energy development 
if developers paid $1000/acre-feet for process water as opposed to getting it 
free. Calculations are based on the assumptions shown. 
Type of Water Use Cost of Water % Increase in 
Development per unit of Product Cost of Product 
Coal Gasification 10, 000 AF /yr per $l/MCF 11 
250 million SCF / day 
Coal Fired Electrical 15 AF/yr per $.015/kw-hr 11 
Generator n1egawatt 
Shale Oil 9000 AF /yr per $12/bbl 4 
50, 000 BPD plant 
Tar Sands 1500 AF /yr per $12/bbl 0.07 
50,000 BPD plant 
Coal Pipelines 20, 000 acre -feet per $20/ton 4 
25 million tons of coal 
Coal Mining 61 acre -feet per million $20/ton 0.3 
tons of coal 
Oil Refining 39 gal/bbl $15/bbl 0.8 
Hydropower ... ' ...... 1 ... ....' ....... 1 ... ...' ...... 1 ... .... J ............. ....1 ....... , ... ','" ' ..... 
::::~:::~ 
Could vary substantially depending on what fraction of evaporation los ses are charged 
to power production. 
3. Coal production required to feed electrical generating 
plants calculated on the basis of 11 tons of coal/dayl 
mw. 
Conclusion.!...! It is not pas sible to predict at what point in 
time oil shale or coal gasification might become economically 
feasible nor is it pas sible to make accurate long range predict-
ions regarding when or where all electrical generating will corne 
on line. It is clear, however, that national priorities will exert 
tremendous pressure for energy development in the Colorado 
River Basin. It also seems clear (see Table 1-16) that irrigated 
agriculture would find it impossible to compete for water on an 
economic basis with energy development. Assuming that other 
social, legal and institutional factors could be overcome it must 
be concluded that wherever water is available at all in the basin 
it will become available for energy development. 
At the same time the figures shown in Table 1-16 also in-
dicate that energy developers can afford to control their effluent 
without drastically influencing the cost of their product. At this 
time, there does not seem to be a single new electrical generat-
ing plant, coal gasification plant, or oil shale proces sing plant 
being planned for the Colorado River Basin where the designers 
have not opted for the total containment approach. This decision 
has apparently been made for various reasons, only one of which 
is enforcement of PL 92-500. While there is no convincing evi-
dence that total containment is the wisest choice in every instance, 
particularly in a semi -arid region such as the Colorado River 
Basin, there does appear to be good evidence that the reaction to 
PL 92-500 by energy developers will be compliance. It is also 
concluded that PL 92-500 will have little or no direct negative 
effect on the extent to which the energy resources of the Colorado 
River Basin are developed. Strict application of the law may in 
fact encourage energy development. As agriculture will find it 
m.uch more difficult to comply with the law than will energy de-
velopers' PL 92-500 might well be an added incentive for agri-
culture to acquiesce to energy. 
Em.ployment and population projections for energy develop-
m.ent. A sum.m.ary of calculation procedures used to prepare 
estimates of direct operation and maintenance em.ployment are 
as follows: 
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1. Coal-fired electrical--For the years 1977 and 1983 the 
factor 0.389 man years per megawatt (mw) was used 
and the factor O. 241 per mw in the year 2000. (US 
Dept. of Interior, Southwest Energy Study, April 1972) 
2. Coal gasification- - The factor 3. 57 man years per million 
cubic feet capacity was used for 1977 and 1983. The factor 
2. 86 was used for the year 2000. (El Paso Coal Gasifica-
tion Project - New Mexico, Draft ElS. USDI, 1974) 
3. Coal slurry--The factor 11.0 man years per million tons 
annual capacity was used (J. G. Montfort and E. J. 
Wasp, Black Mesa pipeline, Bechtel Inc., May 1974) 
4. Coal mining--For underground mining the factor 36.5 
man years per million tons was used for 1977 and 1983, 
29.2 was used for the year 2000. The factors for sur-
face mining were 13.9 in 1977 and 1983, and 11. 1 in 
2000. (Project Independence, FEA, July 1974 ) 
5. Oil shale - -Factors utilized are as follows: 
Underground mine 
1430 man years for 50, 000 BBL plant 
2717 man years for 100,000 BBL plant 
4004 man years for 150, 000 BBL plant 
Surface mine 
2145 man years per 100,000 BBL plant 
3289 man years per 150,000 BBL plant 
4290 man years per 200, 000 BBL plant 
5290 man years per 250,000 BBL plant 
In situ 
858 man years per 50,000 BBL operation 
(Project Independence, July 1974; Public Affairs 
Dept., Sync rude Canada Ltd. ) 
6. Tar sands - - Utilized 90 percent of surface mine oil 
shale factors. (Athabaska studies, basic information 
on the Sync rude Project to produce synthetic crude 
oil from the Athabaska Tar Sands, Feb. 1975) 
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7. Nuclear --Factor was 0.742 man years per mw. 
(Based on Project Independence background study 
for Nuclear Energy, July 1974). 
Using these estimates of man years /unit energy output and 
the planned output of proposed energy development projects sum ... 
marized in Table 1-13, the direct employment changes in Table 
1-17 were calculated. Appropriate multipliers were then applied 
to obtain the total population change, presented in Table 1-18 
associated with various levels of energy development. 
Projected Irrigation Developm~n!. 
The inexpensive and most profitable irrigation projects have 
already been built. Projects have been investigated thoroughly. 
Funding and initiation are still uncertain. Since the analysis of 
salinity in the river depends so heavily on irrigation development, 
a range of values are as sumed. 
The Colorado River Salinity Forum has developed a set of 
high, most likely, and low estimates for irrigation development 
(Table 1-19). These estimates represent some concensus among 
the representatives of the states. They are, therefore, based on 
project feasibility reports as well as having some degree of polit-
ical acceptance. It is evident that SOITle projects are deemed to 
be quite certain. That is, the high estimates do not vary greatly 
froITl the low ones.. On the other hand, projects such as the 
Seedskadee, and the Animas -La Plata diverge widely in the high 
and low estimates. The sum of the acres of new irrigated land for 
end year (1990) for the most likely level of development is 301,000. 
The corresponding figure for the low level of development is 
232,000 acres and for the high estimate, it is 515,000 acres. 
Intervening years had little divergence at first but more in the 
distant future. Because of the uncertainty of estimates and ulti-
mate development connotation, the figures for 1990 were adopted 
for 2000. 
One of the most interesting aspects of these data is that the 
preponderance of large pos sible developments are on Indian lands. 
In fact, in the Lower Basin these are the only projects proposed. 
The large Navajo project is also, of course, on Indian land. It 
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Table I-17. Direct employment change. 
Coal Coal Coal Coal 
I 
Hydro 
I 
Nuclear 
I 
Oil 
I 
Tar , :-
Water I ~ ~ Fired Gasification Slurry 1\11ning Electric Electric Shale Sands 
Resource -g ~ Electrical 
Subarea 0: .~ 71 83 00 77 83 00 71 83 00 71 83 00 In 83 00 I 71 83 00 In 83 00 In 83 00 
H 384 778 1084 - - 176 176 R3 334 466 
1401 P S84 778 602 - 17L 83 334 371 
L 584 718 482 - - - - 83 III 89 
H 97 393 2029 - - - 77 77 36 144 957 
1402 P 97 393 244 - - - - 71 36 144 116 
L 97 393 244 - - - 29 144 116 
H 335 708 950 - - - - - 122 241 420 I - I = I = 
4270 10677 I - 2717 9343 
1403 P 329 652 404 - - - 122 241 194 - - - - 4270 - 2717 
L 329 652 404 - - - 122 241 194 
H 
-
132 
- -
-
- 25 
1404 P 
L 
H 
I- I I 
-
8488 14147 
1405 P 8488 
L 
H 200 1000 
P 200 0"- L U1 
I H 136 525 1048 - 5480 5105 - 44 44 20 837 900 1407 P 136 525 1048 - 3973 4390 - 44 44 20 837 900 
L 136 525 325 - - - 44 20 837 668 
H - 1704 1646 - - 2471 - - 36 - 208 683 I - - I - - I - I - 400 2000 1408 I p - 292 1285 - - - - 42 200 - - - - - 400 
L - 292 542 - - - 42 100 
H 97 2295 1422 - - - 14 104 83 
1501 I P 97 2295 1422 - - - - 14 104 83 
L 97 2140 1422 - - - - 14 86 83 
H 924 1896 1175 - 24 24 90 227 181 I 84 
1502 I P 885 1702 1175 - - - - 24 24 83 199 181 
L 885 1410 1175 - - - - 24 24 83 157 181 
H 136 84 - - - - 10 
1504 I P 136 84 - - - - - - - 10 
L - 136 84 - - - - - 10 
H 140 87 - - - - - - 21 17 I - 48 30 
I = 
1800 2800 
1505 I ~ 140 87 - - - - - 21 17 - 48 30 1800 2800 - 140 87 - - - - - - - 21 17 - 48 30 1700 1600 
H high 
p probable 
L low 
0' 
0' 
Table 1-18. Subarea populations, for high, medium, and low levels of energy development 
for 1977, 1983, and 2000. 
Water Produc-
Resource tiOn level 1977 1983 2000 Subarea estJrnate 
H 42, 181 49,393 03,063 
I 
1401 P 42, 181 48,408 54, 876 
L 42,181 47,159 50, 357 
H 
! 
18,278 45,628 122,572 
1402 P 18,278 21,285 47,644 
L 18,2.39 21,246 23,262 
H 43,259 63,789 123,781 
1403 P 43,226 48,226 66,790 
L 43,226 48,226 51,574 
H 23, 13 3 22,040 22,919 
1404 P 23,133 22,040 20,700 
L 23,133 22,040 20,700 
H 93,553 141,085 220,308 
1405 P 93,553 95, 180 149,432 
L 93,553 95, 180 101,900 
H 28,060 29,140 34,740 
1406 p 28,060 28,020 29,140 
L 28,060 28,020 28,000 
H 92,335 132,461 172,204 
1407 P 92,335 124,022 159,761 
L 92,335 10 1,527 107,334 
H 17,733 30,787 69,069 
1408 p 17,733 19,710 30,266 
L 17,733 19,710 23,305 
H 127,017 140,451 148,879 
1501 p 127,017 140,451 148,879 
L 127,017 139,483 147,911 
H 427,686 497,621 649,899 
1502 p 427,428 496,120 647,928 
L 427,428 494,250 646,058 
H S70,933 623,158 765, 133 
1504 P 570,933 623, 150 765,133 
L 570,933 623,158 765,133 
H 1,268,633 1,471,770 2,473,480 
1505 p 1,268,633 1,471,770 2,473,480 
L 1,268,633 1,471,210 2,466,200 
H 2,752,781 3,247,323 4,866,047 
Basin P 2,752,490 3,138,390 4,594,029 
L 2,752,490 3, 111,209 4,431,734 
H - high 
P probablf' 
L low 
Table 1-19. Increases in irrigated acreage froll1 base year 1973, 
by project. 
Project Name Type of Increas e in irrigated land 
estill1ate 1977 1983 1985 1990 
(Acres 1,000) 
Wyo. New Irrig. Lyman H ':< 5 7 7 7 
(1401) P ... ' ..... ' ... 5 7 7 7 ... 1'· ... 1 .... 
L ... 1 ...... ' ...... .1 ... 7 7 7 ... ,' "f'" .... , ... 
Seedskadee H 47 50 123 
(1401) P 3 7 
L 
Savery-Pothood H 15 
(1402) P 
L 
Jensen H 7 7 7 
(1403 ) P 7 7 7 
L 7 
Ute Indian (Cup) H 
(1403) P 
L 
S:mall Ir rig. (Utah) H 9 13 13 20 
(1403 ) P 9 13 13 13 
L 3 13 13 13 
Uintah (Cup) H 4 13 20 
(1403 ) P 4 13 20 
L 7 13 
Bonneville (Cup- Upalco) H 4 7 7 7 
(1403) P 7 7 7 
L 7 7 7 
Dallas Creek H 7 7 
(1404 ) P 7 7 
L 3 7 
Bostwick Park H 5 5 5 5 
(1406 ) P 5 5 
L 5 5 
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Table 1-19. (Continued) 
Project Name Type of Increase in irrigated land 
estimate 1977 1983 1985 1990 
Fruitland Mesa H 11 18 18 
(1406) P 4 12 18 
L 6 15 
San Miguel H 10 
(1406) P 
L 
Animas -La Plata H 26 65 
(1407 ) P 18 
L 12 
Dolores H 7 12 32 
(1407) P 2 6 18 
L 12 
Hogback (N. M. ) H 2 4 4 4 
(1407) P 2 4 4 4 
L 1 4 4 4 
Navajo H 27 73 89 110 
(1407 ) P 48 83 105 
L 37 43 65 
Ft. Mojave 1. R. H 7 8 14 
(1502) P 5 6 14 
L 5 6 14 
Colorado River I. R. H 20 42 48 50 
(1506) P 18 40 47 50 
L 17 39 46 50 
Chemcheuvi L. R. H 2 2 1 
(1808) P 1 1 1 
L 1 1 1 
Misc. Lower Basin H 4 23 3 
(various) P 1 -19 -6 
L -7 -66 -16 
Source: Colorado River Salinity Forum, June, 1975. 
~:< High, >:<>:< Probable, ~:<>:<* Low. 
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is also interesting to note that the Salinity Forum thought these 
Indian irrigation projects were among the most certain to be 
developed. This is no doubt due to the apparent preeminence 
of Indian water rights. 
For comparative purposes, two estimates prepared by the 
Bureau of Reclamation are shown in Tables 1-20 and 1-21. The 
data in Table 1-20 were in the 1972 Colorado River Quality Im-
provement Program" while the data of Table 1-21 were submit-
ted in 1974 to the Water Resources Council for use in the 1975 
National Water Assessment. Generally, the latter table is some-
what more conservative in the estimates where there is a 
difference. 
It was decided for the purposes of this study that the Salin-
ity Forum estimates would be used for the following reasons: 
(1) The low and high estimates bracket the Bureau estimates as 
well as other indications of level of development; (2) the esti-
mates have some political acceptability; (3) consumptive use 
and other physical data have been compiled to accompany the 
acreage data; and (4) a number of non-Bureau of Reclamation 
project developments are included in the Salinity Forum data. 
The acreages, by project, in the Salinity Forum estimates 
were aggregated into water resources subarea totals (Table 1-22). 
These acreages of new irrigated land were compared to the 1969 
Agricultural Census data on irrigated land in farms for each of 
the water resources subareasto assess the expected changes in 
agricultural employment, and the consequent possible population 
changes. It was also necessary in order to assess the adequacy 
of the local infrastructure for supplying agricultural supplies and 
services and for processing the output of farms. 
Several factors enter into this analysis. First, agricultural 
and related employment has generally been declining. Any mod-
erate rate of increase can likely be readily absorbed into the local 
economy. Second, as noted, much of the development is scheduled 
for Indian land. Historically, the Indian lands have been operated 
by large-scale tenant farmers. A minimum of labor is utilized. 
Supplies are often purchased at great distances and produce may 
be shipped directly into distant markets. It would seem, there-
fore, that there would be a very minor employment and population 
impact from nearly any of the development. 
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Table 1-20. Projects depleting Colorado River water. 
Project and State 
Above the gage Green Hi ver at Green River, Wyoming 
Seedskadee, Wyoming including Westvaco and others 
Between the above gage and the gage Green River near Greendale, Utah 
Lyman, Wyoming ..•••...••..••.• 
Utah Power & Light and others, Wyoming . • • . • • • • • • . 
Above the gage Duchesne River near Randlett, Utah 
Central Utah Project, Utah 
Bonneville Unit 
Upalco Unit . . . • . . 
Uintah Unit • . . • • • • 
Between the gages Green River near Greendale, Utah, and J>J.chesne River 
near Randlett, Utah,and the gage Green River at Green River, Utah 
Four County, Colorado 
Hayden Steamplant, Colorado 
Cheyenne-Laramie, Wyoming 
SaverY-Pot Hook, Colorado-Wyoming 
Central Utah Project 
Jensen Uni t . . • • • • • . • • 
Above the gage San Rafael near Green River, Utah 
Utah Power & Light, Emery County, Utah . 
Above the gage Colorado River near Glenwood Springs, Colorado 
Denver-Englewood, Colorado Springs, Colorado • • • • • • • 
Green Mountain M&l, Colorado • • • • • • • • • • • • • • • 
Homestake Project, Colorado • • • • • • • • • • • • • • • 
Between the above gage and gage Colorado River near Cameo, Colorado 
Fryingpan-Arkansas, Colorado 
Ruedi M&I, Colorado • • • • . . • • • . • • • • 
West Divide, Colorado ••••.••••••••• 
Above the gage Gunnison River near Grand Junction, Colorado 
Fruitland Mesa, Colorado .•••• 
Bostwick Park, Colorado ••••••••••• 
Dallas Creek, Colorado . • • • • . • . • • • • • • • • • 
Between the gages Colorado River near Cameo, Colorado, and Gunnison 
River near Grand Junction, Colorado, and the gage Colorado River 
near Cisco, Utah 
Dolores, Colorado • • • • • • • • 
San Miguel, Colorado . • . •.•••••• 
Above the gage San Juan River near Archuleta, New Mexico 
San Juan-Chama, New Mexico • • • . • • • • • • • • • • 
Navajo Indian Irrigation, New Mexico • • • • • . • • • 
Between the above gage and the gage San Juan River near Bluff, Utah 
Animas-La Plata, Colorado-New Mexico. 
Bxpansion Hogback, New Mexico • • • • • • • • • • • • • 
Four Corners Powerplant, New Mexico •••••.••••••• 
Return flow--Dolores and Navajo Indian Irrigation, Colorado and New Mexico • 
Between the gages Green River at Green River, Utah; San Rafael River near 
Green River, Utah; Colorado River near Cisco, Utah; and San Juan River 
near Bluff, Utah; and the gage Colorado River at Lees Ferry, Arizona 
Resources, Inc., Utah 
Arizona M&I, Arizona . • • 
Salvage .....•••• 
Subtotal Upper Basin 
New 
del'letion 
(ac.-ft. ) 
232,000 
10,000 
8,000 
166,000 
10,000 
30,000 
40,000 
12,000 
23,000 
27,000 
15,000 
5,000 
256,000 
12,000 
43,000 
70,000 
38,000 
76,000 
28,000 
4,000 
37,000 
'J/140,000 
85,000 
4 /110 ,000 
~508,000 
146,000 
10,000 
20,000 
-311,000 
102,0Q0 
35,000 
-80,000 
1,907,000 
y. In-basin depletion without irrigated lands. 
2j Transmountain diversion. II In-basin transfer from Dolores River drainage to the San Juan River drainage--estimated 
53,000-acre-foot return flow to the San Juan River. 
':./ Diversions at Navajo Reservoir, estimated 258,000-acre-foot return flow to the San 
Juan River below the gage near Archuleta, New Mexico. 
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New ini-
gation 
land 
(acres) 
9,720 
0 
11 
gj 
0 
7,800 
gj 
Y. FI 
17,920 
440 
11 
gj 
Y. Y 
gj 
Y 
19,000 
15,870 
1,610 
15,000 
32,000 
26,000 
gj 
110,000 
46,500 
o 
~ ~ 
Table 1-20. (Continued. ) 
New irri-
gation 
land 
e a ove gage a e gage 0 or 0 ver near r 
Above the gage Virgin River at Littlefield, Arizona 
Dixie Project, Utah •• • • • • • . • • • • • • •.• • 
.2/48,000 6,900 
Between the gages Colorado River near Grand Canyon, Arizona, and Virgin 
River at Littlefield, Arizona, and the gage Colorado River below Hoover 
Dam, Arizona-Nevada 
Southern Nevada Water Project, Nevada • • • • . •••••• 
Between the above gage and the gage Colorado Hi ver below Parker Dam, 
Ari zona-Cali fornia 
Fort Mohave and Chemehuevi Indian, Arizona, California, and Nevada 
Kingman, Arizona . . . . . • . • • . 
83,000 
18,000 
6,000 
7,000 
-87,000 
20,900 
Mohave Valley I&D District, Arizona 
lake Havasu I&D District, Arizona 
Salvage •...•••.•••••• 
Central Arizona, Arizona ••••••••••.• •• 
California diversions limited. to 4.4 million acre-feet to permit develop-
ment of other tabulated projects in the lower basin • . • • •• 11 -77 ,000 
11 
Between the above gage and the gage Colorado River at Imperial Dam, 
Arizona-Colorado 
iJ ~ 
Colorado River Indian, Arizona-California 208,000 51,970 
Salvage ••• . . • • • • • -68,000 
Subtotal wwer Basin • • . . • • • • 374.000 
Total Colorado River • • . . • • • • 2,281. 000 
5/ Includes a transmountain diversion to Great Basin. Y Pending full developnent, the Mohave Thermal Plant will use part of this water which 'Will be 
diverted. below Hoover Dam. 11 The CentrEj,l Arizona Project diversions will vary depending on the depletions by other projects 
on the river and depending on the total amount of water available from the system in a given year. 
Maximum annual diversions to Central Arizona could be 2,172,000 acre-feet. The salinity computations 
assume no change in reservoir content during the period of study. Also, with the full depletions by 
the projects tabulated, the diversions to California would be reduced to an annual 4,400,000 acre-feet 
from its 1970 diversions of 5,015,000 acre-feet. This reduction would assure a full supply to the 
tabulated. projects in Arizona in addition to supplying water for the Central Arizona Project. (Bureau 
of Reclamation water suppl;y" studies, based upon the 1906-70 runoff period in the Colorado River Basin, 
result in average diversions for the Central Arizona Project of 1,078,000 acre-feet and 900,000 acre-
feet in the year 2000 and the year 2030, respectivel;y".) §j In-basin depletion without new irrigated lands. 
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Table 1-21. Anticipated new land development by water resources 
subarea, Upper Colorado River Basin. 
WRSA Project In Service B~y __ 1985 2000 
1401 Seedskadee (Wyo.) 34,000 
Savery-Pot Hook 6,980 
1402 Savery-Pot Hook 10,940 
1403 Uintah 7,820 
1404 Dallas Creek 3,880 
Fruitland Mesa 2,330 
1405 West Divide 18,890 
1406 San Miguel 26,420 
Fruitland Mesa 7,000 
1407 Animas -La Plata (Colo. ) 26,420 
Dolores 33,895 
Animas -La Plata (N. Mex .. ) 11,200 
Navajo Indian 10,000 95,000 
---
Total 204,055 95,000 
Source: U. S. Bureau of Reclamation, correspondence to 
Agricultural Proj ections Technical Com.rnittee for 
the 1975 National Water Assessment, Denver, Colorado, 
May 16, 1974. 
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Table 1-22. Increase in irrigated acreage from base year 1973, by water resource subarea. a 
Irri - Type Water gated 
of Resource land in 
. esti- Increase in Irrigated Land Subarea farms 
mate 1977 1983 1985 1990 1969b 
Acres % Acres % Acres 0/0 Acres 0/0 
1401 392,590 H 5,000 1. 2 54,000 13.8 57,000 14.5 130,000 33. 1 
p 5,000 1. 2 7,000 1. 8 10,000 2.6 14,000 3.6 
L 7,000 1. 8 7,000 1. 8 7, 000 1.8 
1402 112,470 H 15,000 13.3 
P 
L 
-..J 1403 221,330 H 13,000 5. 9 31,000 14.0 40,000 18. 1 54,000 24.4 VJ 
P 9,000 4. 1 31,000 14.0 40,000 18. 1 47,000 21.2 
L 3,000 1.4 20,000 9.0 27,000 12.2 40,000 18. 1 
1404 146,770 H 7,000 4.8 7,000 4.8 
P 7,000 4.8 7, 000 4.8 
L 3,000 2. 0 7,000 4.8 
1405 228,490 H 
p 
L 
1406 113,990 H 5,000 4.4 16,000 14.0 23,000 20.2 33,000 28.9 
p 4,000 3.5 17,000 14.9 23,000 20.2 
L 11,000 9. 6 20,000 17.5 
1407 173,800 H 29,000 16.7 84,000 48.3 131,000 75.4 211,000 121.4 
p 2,000 1.2 54,000 31. 1 93,000 53.5 145,000 83.4 
L 1,000 O. 6 41,000 23.6 "47,000 27.0 93,000 53.5 
Table 1-22. (Continued.) 
Irri- Type Water 
gated of I' . d d Resource 1 d' . ncrease In IrrIgate Lan 
S b
an In estl-
u area farms mate 1977 1983 1985 1990 
Acres % Acres % Acres % Acres 0/0 
1408 40,470 
1501 29,580 
1502 38,980 H 7,000 18.0 8,000 20.5 14,000 35.9 
P 5,000 12.8 6,000 15.4 14,000 35.9 
L 14,000 35.9 
-J 1503 83,250 
If:>. 
1504 403,770 
1505 468,400 
1506 213,940 H 20,000 9.3 42,000 19.6 48,000 22.4 50,000 23.4 
P 18,000 8.4 40,000 18.7 47,000 22.0 50,000 23.4 
L 17,000 7.9 39,000 18.2 46,000 21.5 50,000 23.4 
1808 474,890 H 2,000 0.4 2,000 0.4 1,000 0.2 
PI, 000 0.2 1, 000 O. 2 1, 000 O. 2 
L 1,000 0.2 1,000 0.2 1,000 0.2 
1810 450,440 
a b 
Taken from Table 1. U. S. Bureau of Census, Census of Agriculture, 1969, U. S. Gov't 
H = high 
P = probable 
L = low 
Printing Office, 1974. 
The water resources subarea (Series E) baseline projections 
contain no specific projected level of agricultural acreage. How-
ever, some indication of the level of the se acreages can be obtained 
by examining the data of Table I- 2 3 which compares the water 
resources subarea Series B and water resources subarea Series C 
interpretations of agricultural acreages for the Upper and Lower 
Colorado Basins" 
These data are somewhat inconsistent with the resource 
base and were developed on the basis of past trends in develop-
ment. It is impossible to determine a water resources subarea 
Series E irrigated land projection from the employment and earn-
ings data which do pertain to the Series E water resources subarea. 
Therefore, from the information at hand, it was determined that 
no change in irrigated acreage was a reasonable baseline estimate 
even though the water resources subarea projection which is forth-
coming may have different values. Note that some projections 
in Table I- 23 indicate an increase from the 1965 base data and other 
data indicate a decrease. 
One of the main purposes of this projection of agricultural 
development was to link to the water resources subarea Series E 
baseline data for population. As stated in the water resources sub-
area projection material, the national 11 " •• projections relating 
to the agricultrual sector are founded on projected national demands 
for food and fiber. " 0 Projections of aggregated demand for 
domestic food use are based upon the projected rates of population 
growth (Series E) and projected rates of per capita consump-
tion ••• " (Water Resources Council, 1974, p. 14.) The water 
resources subarea document continues, 11 Projections of agricul-
tural employment and earnings are related to projected levels of 
output and increased productivity per manhour." (Water Resources 
Council, 1974, p. 2) .. The agricultural projections are further elab-
orated, 11 The agricultural projection system is based largely on 
extension of historical trends and the use of a land availability check 
to indicate the adequacy of the rejections of agricultural output for geo-
graphic areas were developed through a three- stage proces s: (1) The 
distribution of projected national output among states; (2) the disaggre-
gration of state totals (percentage of national totals) to subareas and 
regions; and (3) conver sion of output projections expre s sed in percen-
tage terms to quantity and value estimates." (Water Resources Coun-
cil, 1974, pp .. 28-29). The estimates of land availability included 
private irrigation development estimates as well as " ..... the Bureau of 
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Table I ... 23. Comparison of projected acreage s of irrigated land 
for Series B and Series C water resources subarea 
projections, Uppe.r and Lower Colorado River Basins. 
Year 
1959 
1965 
1980 
2000 
Sources: 
___ U_EEer Colorado 
S . a erles B 
1,361,000 
1,780,000 
1,766,000 
Series C b 
1,621,500 
1,498,705 
1,529,230 
Lower Colorado 
Series B c 
(Acres) 
1, 219, 000 
1,173,000 
1,159,000 
. Cd Serles 
1,225, 600 
1,373,900 
1,415,400 
a 
U .. S. Economic Research Service, U. S. Forest Service 
Preliminary Projection of Econorn~ Activity iE... the As..,ri-
cultural, Forestr..1i and Related Economic Sectors, 
Washington, De C., August, 1967, p. 85. 
bUe S. Water Resources Council,. Upper Colorado State-
Federal Inter-Agency Group, UPEer Colorado Region 
Com.prehensive Fram.ework Study, Appendix IV -
Economic Base and Projections, 1971, p. 93. 
c U .. Sa Economic Research Service, Ope cit, p. 86. 
d U .. S. Water Resources Council, Lower Colorado State-
Federal Interagency Group, ~ower Colorado Region 
Comprehensive Framework Study Appendix IV - Economic 
Base and Projections, 1971, p. 48. 
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Reclalnation's existing as well as the authorized and funded ir-
rigated acreage (as of Decelnber, 1971) to be in place by 1980, 
2000, and 2020. 11 (Water Res ources Council, 1974, p. 31.) 
Additional adjustlnents were lnade to increas e vegetable s, lnelons, 
and specialty crops. This affects the Lower Basin lnost dralnat-
ically. Due to lack of data required, the projected data were re-
duced to earnings for agriculture. In order to derive population 
estilnates needed for analysis, calculations on agricultural earn-
ings, elnploYlnent and population described in the following para-
graphs were lnade. 
For the United States, earnings in agriculture have been 
calculated for the present and estilnated for the future to be as 
follows (Water Resources Council, 1974, p. 38): 
1959: $16,691,335,000 
2000: $25,292,000,000 
this represents a rate of growth of earnings of 1. 0188 percent 
per year. 
For the subareas the projected earnings in agriculture from 
water resources subareas are shown in Table 1-24. Note that many 
of their subareas have substantial increases projected. Two have 
decreases. The projected earnings for the year 2000 if the nation-
al rate of growth (1. 02 percent) had been as sumed is shown in the 
last column of Table 1- 23. Twelve o£ the sixteen regions are pro-
jected to grow faster than the national average, some to be nearly 
twice as large as the national projection. Two are projected at 
will below the national rate, and two at approximately the national 
rate. 
As a further effert to determine the relationship between the 
projections of the Salinity Forum (Tables 1-19 and 1-22) and the 
water resources subarea Series E projections, the employment 
data were reviewed. Employment in agriculture in the U. S. has 
been estimated to be (Water Resources Council, 1974, Vol. I, 
p. 39): 
1960: 4,373,664 workers 
2000: 1, 721, 000 workers 
This represents a decline o£ 2.30 percent per year. 
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Table 1- 24. Water resource subarea Series E earnings projections 
for water resource subareas, Colorado River Basin. 
Earnings 
Water 1969 in 2000 
Resource Earnings if growth 
Subarea in Agr .. Projected Earnings had been 
at nat'l 
1977 1983 1985 2000 avg.rate a 
($1000) ($1000) ($1000) ($1000) ($1000) ($1000) 
1967 1967 1967 1967 1967 1967 
1401 10,356 13,307 13,620 13,700 15,700 14,174 
1402 11,756 17,588 18,040 18,200 21,900 16, 096 
1403 4,466 4,884 5,040 5,200 6,300 6, 114 
1404 8,767 12,868 13,380 13, 900 18,200 12, 004 
1405 10,251 17, 566 19,720 20,400 26,200 14,036 
1406 8,073 14, 152 15,920 16, 600 21,800 11, 054 
1407 8,730 11,821 11,920 12,400 16,000 11, 953 
1408 3,450 3,725 3,760 3,800 4,700 4,723 
1501 14,945 9,431 6,120 6,000 6,500 20,463 
1502 6,298 7,504 9,020 9, 700 13,100 81 623 
1503 18,285 18, 112 15,880 15,600 16,900 25,036 
1504 43,988 54,535 53,740 53,300 59,000 60,228 
1505 112,439 132,505 136,300 139, 100 166,000 153,952 
1506 52, 956 57, 912 65,020 67,300 83,700 72,508 
1808 411,548 475,783 496,280 507,600 611,300 563,493 
1810 113,689 140,042 148,180 151,500 182,400 155, 664 
Source: Water Resource Council, 1974, Vol. 3, Water Resources 
Region and Subareas. Some of the above yearts data were 
derived by linear interpolations. 
a 1.0188 percent year rate of growth. 
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) 
The estimate of projected employment in agriculture depends 
on estimates of earnings per worker and the water resources sub-
area projections of total earnings. The calculation of earnings per 
worker by subarea is shown in Table 1- 25. 
From the earnings per worker data generaged in Table 1-25, 
the rate of increase in earnings per worker in agriculture nation-
ally was applied to estimate future earnings per worker in agri-
culture for each subarea. These values are shown in Table 1-26. 
These data reflect an even greater imbalance among regions as 
time goes on. They are the product of the only method of deriving , 
these data without simply applying arbitrary factors. 
Table 1-27 represents the calculation of employment in agri-
culture by subarea as derived from the water resources subarea 
Series E projections of earnings (Table 1-24) and the projections 
of earnings per worker shown in Table 1-26. Number of workers 
is calculated as a simple division: 
Projected total earnings in Agriculture _ Number of 
Projected earnings per worker - Workers 
Using this method, the employment in agriculture is pro-
jected to decline in all subareas except 1406. For comparison, the 
employment projection for 2000 assuming that the rate of decline 
in employment from the 1970 level shown in Column (1) had been 
at the national rate of 2. 3 percent per year is shown in column (6) 
of Table 1- 27. In most subareas the employment levels computed 
from water resources subarea earnings data were greater than 
those based on national rates of change in employment. This indi-
cates that increases in agricultural acreage and production are 
even greater (probably decreases were smaller) in the Colorado 
Basin than in the rest of the U. S. However, it is impossible to 
relate the changes in employment to irrigation project development 
summarized in column (7) and tabulated in more detail in Tables 
1-19, 1-20, 1-21, and 1-22. 
Since agricultural employment is declining, and since the 
direct employment effects in agriculture are so inconclusive, and 
since farm population mostly is in rural areas and especially 
since the population which can be related to agricultural develop-
ment is so small compared to that which may already exist in 
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Table 1-25. Earnings, employment and earnings per worker by 
water res ource subareas, Colorado River Basin, 
1969-74. 
Water 1969 
1970 
Resource 
Earnings Employment Earnings 
Subarea in 
in b per worker Agriculture Agriculture 1969-1970 
(1) (2)a (3 ) (4) 
in thousands of No. dollars 1967 dollars 
1401 10,356 1,421 7,290 
1402 11,756 994 11, 830 
1403 4,466 1,206 3, 700 
1404 8,767 1,441 6, 080 
1405 10,251 2,605 3,940 
1406 8,073 1, 112 7,260 
1407 8,730 1,443 5, 850 
1408 3,450 548 6,300 
1501 14,945 530 28,200 
1502 6,298 1,795 3,510 
1503 18,285 1,430 12, 790 
1504 43,988 6,107 7,200 
1505 112,434 13,571 8,280 
1506 52,956 2,939 18,020 
1808 411,548 69,959 5,900 
1810 113,689 4,660 24,400 
a U" S. Water Resources Council 1972. OBERS Projections, 
b 
Regional Economics Activity in the U. S., Vol. 4 Water 
Resource Regions, 9-20. U. So Government Printing Office, 
September, 1972 
Aggiegated from county employment data 
c Col. 2 
Col.3 
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Table 1-26. Proj ected earnings per worker in agriculture by 
w·ater res ource subarea as sUll1ing growth rate in 
earnings is at national rate. a 
Water 
Resource Projected Earnin~s Eer Worker 
Subarea 1977 1983 1985 2000 
$1967 $1967 $1967 $1967 
1401 9, 165 11,151 11,904 19,441 
1402 13, 188 18,096 19,319 31,548 
1403 4,652 5,660 6,042 9,867 
1404 7,643 9,300 9,929 16, 214 
1405 4,953 6,027 6,434 10,507 
1406 9, 127 11, 105 11,856 19,361 
1407 7,354 8, 948 9,553 15, 601 
1408 7,920 9, 637 10,288 16, 801 
1501 35,452 43, 136 46,051 75,203 
1502 4,413 5,369 5,732 9,360 
1503 16,079 19,564 20,886 34,108 
1504 9,052 11, 014· 11,758 19, 201 
1505 10,409 12,666 13,521 22,081 
1506 22,654 27,564 29,427 48,055 
1808 7,417 9,025 9, 635 /" 15,734 
1810 30,675 37,324 39,846 65,069 
a Derived froll1 Tables e and f. 
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Table 1- 27. Present and projected employment in agriculture by 
water resource subarea. 
Projected Major chgs. 
employment in irrgtd. 
in 2000 acreages 
Agriculture~/ w/1970 emp.projected by Water Employment in proj. to Sa1ini7y Resource decline at Foru~ 
Subarea 1970 1977 1983 1985 2000 2.3%/year % 
Column it 1 2 3 4 5 6 7 
1401 1,421 1,452 1,221 1,151 807 707 
1402 994 1,334 997 942 694 1+95 
1403 1,206 1,050 890 861 638 600 18-24 
1404 1,441 1,684 1,439 1,400 1,122 717 
1405 2,605 3,546 3,272 3,171 2,494 1,296 
1406 1,112 1,551 1,434 1,400 1,126 553 18-29 
1407 1,493 1,607 1,332 1,298 1,026 743 54-121 
1408 548 470 390 369 280 273 
1501 530 266 142 130 86 264 
1502 1,795 1,700 1,680 1,692 1,400 893 36 
1503 1,430 1,126 812 747 495 712 
1504 6,107 6,025 4,879 4,533 3,073 3,038 
1505 13,571 12,729 10,761 10,288 7,518 6,752 
1506 2,939 2,556 2,359 2,287 1,733 1,462 23 
1808 69,759 64,148 54,989 52,683 38,852 34,708 
1810 4,660 4,565 3,970 3,802 2,803 2,318 
~/Ca1culated from Tables e and g which show projected earnings in agri-
culture and the relationship between earnings and employment. 
bl 
- Tables 1 and 4. 
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populous subareas or which may result from energy development 
in sparsely settled areas, it was decided to disregard agricultural 
population factors in determining population bases for calculating 
municipal sewage treatment needs and costs. The population data 
of Table 1-28 are used, therefore, as the basis upon which energy 
scenarios can be added in calculating population impacts. 
SUlllmary 
Since changes in water use from agriculture and energy or 
other purposes usually occur in very localized areas, the labor 
displacement would not be serious if the old residents are equip-
ped to perform the new tasks. Since higher direct labor utiliza-
tion is associated with this type of change and employment multi-
pliers are perhaps in the neighborhood of 2.0, the labor force and 
population changes may be large. Thus water requirements for 
associated population levels are also considered in the alternate 
futures. 
The summary of a reasonable combination of energy and 
agriculture levels shown in Table 1-29 defines the range of alter-
native futures for the Colorado River Basin used in the impact 
analysis. Constraints in determining projected limits in high 
levels of development would be associated with water availability 
under the compacts or other institutional constraints. 
In addition to the development levels, two other key factors 
are taken into account in specifying cOlllbinations and ranges for 
alternative futures. These are: 
1. Ranges for the total water estimated to be available in 
the Colorado River System. 
2. Implementation of the salinity control program projects. 
The analysis is not an inquiry into the relative merits of 
alternative futures, but rather recognizes that projects are future 
possibilities which lllay be significant to achievement of water 
quality requirements and goals under PL 92-500, and, therefore, 
the future must be considered both w~th and wi00ut the projects. 
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Table 1- 28. Population, present and projected for II Series E" 
water resource subarea, by water resource subarea, 
Colorado River Basin.~1 
Water OBERS Series E 
Resource 1970 Baseline Population Estimate 
Subarea Population 1977 1983 1985 2000 
1401 38,719 38,446 38,720 39,200 41,600 
1402 18,103 17,533 16,880 16,800 16,300 
1403 41,215 41,000 40,320 40,400 39,900 
1404 24,810 23,133 22,040 22,000 20,700 
1405 90,370 93,533 95,180 96,300 101,900 
1406 28,752 28,066 28,060 28,100 28,000 
1407 88,697 91,461 93,900 95,100 101,500 
1408 16,797 17,733 17,840 17,800 17,000 
1501 124,139 126,395 126,320 127,600 134,700 
1502 367,189 422,008 479,920 497,800 624,000 
1503 56,203 52,730 50,060 49,900 47,500 
1504 501,584 570,933 622,340 641,100 763,800 
1505 1,045,971 1,268,633 1,460,520 1,525,600 1,975,000 
1506 61,497 66,200 70,360 72,200 84,300 
1808 11,344,489 12,351,285 12,780,400 13,510,900 15,488,400 
1810 74,844 74,393 74,400 74,800 76,800 
a/U~Se Water Resources Council, OBERS Series E Population. Vol. 3. 
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Table 1-29. Alternative future basis for population and CD projections. 
Energy 
Ag 
Export 
1977 1983-5 
OBERS OBERS 
! 
H X X 
ML X X 
L X X 
H X 
--t------
ML X X X 
----+--
-
L' X X 
I 
i 
H X 
ML X X 
~-. 
LI X 
Modeling Assumptions or Constraints: 
~High CD Virgin Flows~vg. Middle 
Low 
2000 I Extreme 
I OBERS I 
! 
\ 
X X X 
X 
X 
X 
~-
--
X 
! X X X 
X 
X 
.._. 
I X X X 
77 BPT {:;\ Treatrnent/83 BAT \~ Levels ~85 EOD 
Cases 
XiX 
I 
I 
X i I 
IX 
I 
Ix 
X 
I 
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SECTION II 
IMPACTS OF PL 92-500 ON THE SALINITY PROBLEM 
IN THE COLORADO RIVER BASIN 
CHAPTER 1 
SOURCES AND CHARACTERISTICS OF SALINITY 
IN THE COLORADO RIVER BASIN 
NA TURE OF SALINITY IN THE 
COLORADO RIVER BASIN 
Salinity is a pervasive and basin-wide problem. Salinity 
water quality problems are comprised of both source and damage 
areas distributed throughout the basin, with source areas primar-
ily lying in the upper basin and damage areas in the Lower. Irri-
gation technology and management questions must be examined 
with respect to sources, while institutional, economic and social 
impact and response issues must be viewed from the perspective 
of the basin as a whole. 
Processes Contributing to Salinity 
All water s from surface streams and groundwater sources 
contain dissolved substances kno'wn chemically as salts. The 
term salinity has been used broadly to refer to these dissolved 
salts. Throughout this report both salinity and total dis solved 
solids are used interchangeably to refer to the soluble solids trans-
ported by water flows. 
Salinity levels at any point in a stream are the result of two 
fundamental processes which occur in any hydrologic system. 
These two processes are (1) salt loading which results from the 
dissolving of salts by water, and (2) concentrating effects which 
result from the natural or man-induced consumptive use of water 
leaving residual salts in a smaller volume of water. Both of 
these processes influence salinity levels within the Colorado 
River, and contribute to the increase in salinity levels as the 
river flows toward the ocean. 
Salinity in an arid lands river basin: The Colorado River. 
The Colorado River lies entirely within the arid section of the 
United States. Its headwaters are primarily in the high mountains 
of Colorado, Utah, and Wyoming which might be regarded as 
humid islands in an otherwise arid land. However, as the river 
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progresses from its source to its mouth across the arid plateaus 
of its drainage basin, the two processes of salt loading and con-
centrating are accelerated. In the mountain headwaters salinity 
levels are generally low because the rocks are hard and the dis-
solving (or salt loading) process is slow. In addition, precipitation 
rates are relatively high, so that the concentrating effects from 
evapotranspiration or consumptive use tend to be les s than is the 
case in the arid regions of the basin. Quantities of dissolved 
solids within the waters of the Colorado River increase with flow 
downstream. This increase is directly related to the geologic 
character of the intervening terrain. In the mountainous areas 
a close relationship exists between the groundwater in the consol-
idated rocks and alluvium and surface waters. Residual waters 
from rain and snowmelt ultimately reach the surface stream system 
by way of springs, seeps, or through the alluvium along stream 
beds. As the stream level rises and fa11s, water alternatively 
moves from the stream into the a11uvium and back again resulting 
in the dis solving and transporting of salts. In parts of the Upper 
Basin in particular, there are large areas of shallow shale deposits 
where the salts are readily dissolved by water movement across 
or through the formation. These dissolved salts in turn, are trans-
ported to the river systems by subsurface flow in the underlying 
geologic formations. These natural processes are considered to 
be the principle source of salinity within the waters of the Colorado 
River. In many instances these processes cannot be controlled 
or significantly altered by the activitie s of man. 
In contrast to the Colorado, rivers which drain humid areas 
may actua11y improve in quality from a salinity standpoint as they 
flow downstream. For example, the Platte River which rises in 
the high mountains of Colorado and Wyoming substantially increases 
in salinity concentrations as it flows eastward across the arid lands 
of the western plains. However, as the river enters the more 
humid region east of the lOOth meridian, its waters are diluted by 
higher quality tributary inflows from well-leached watersheds, 
and, even though the total salt load inc r ea s e s, net salinity levels, 
or concentrations, actually fall. Unlike the Platte, downstream. 
from the headwaters of the Colorado River tributary inflows from 
the arid drainages tend to degrade rather than improve salinity 
levels. Hence, it is' almost axiomatic that rivers entirely within 
arid land basins will increase in both total salt load and salinity 
concentrations from source to mouth. 
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Jhe natural system and the effect of man l s activity on 
salinity. Man l s development of the water resources of the basin 
has brought about extensive changes in water quality. His inter-
vention in the natural hydrologic pattern affects both the quantity 
and quality of surface and underground waters. Evaporation and 
transpiration processes in irrigated agriculture decrease the 
quantity of water available to carry a particular salt load. This 
los s in turn tends to increase the concentrations of soluble salts 
within both surface and subsurface effluents from an irrigated 
area. Fertilizers and soil amendments also change the quality of 
the effluent water and sometimes greatly increase the nitrate con-
centration in the groundwater. Increas ed utilization of existing 
supplies through use and reuse of water for municipal and indus-
trial purposes also concentrates and adds salts causing a contin-
uing degeneration of water quality. In addition, on the natural 
watersheds, salts are leached from rocks and minerals of the 
soils by percolating waters and then concentrated by the consump-
tive use of water for irrigation, municipal, industrial and other 
purposes. 
In general, any change which brings about a new equilibrium 
in the water quantity system also brings about a corresponding 
alteration in the quality system. In other words, the extent of a 
change in water quality depends upon the dynamic characteristics 
of the hydrologic system and the prevailing water -use patterns 
within the basin. An increase in water quantity within a system 
subject to a particular use pattern usually improves water quality. 
By the same token, increased or repeated usage of a fixed quantity 
of water usually degrades its quality. This statement is particu-
larly true when conservative substances, such as salts, are added 
to the water by use. Thus, the quantity and quality flow systems 
are closely linked, and management of the quality system must 
also consider the quantity or hydrologic system. 
ProbleITl? of Using the Waters of 
the Arid Colorado River Basin 
The waters of the Colorado River Basin are used by man for 
a variety of purposes, including dOITlestic, industrial, municipal, 
irrigation, production of hydroelectric power, preservation of 
fish and wildlife, and recreation. Water also is exported for use 
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in other basins. The most significant of these uses from the 
standpoint of water consumption, and that which has perhaps the 
greatest influence on salinity levels, is irrigation. Summertime 
flows in the lower reaches of many tributaries are composed largely 
of return water from irrigated areas. These return flows generally 
affect the concentration of dis solved salts in the streams. 
Composition of salinity and water uses. In terms of man's 
us e of water, however, the kinds of di s solved salts, in addition to 
the salinity level (total dis solved solids or T DS in mg /1), ar e im-
portant. In terms of composition, an estimate of TDS can be cal-
culated from a complete analysis of all the cations (usually Ca ++, 
++ + + - = = -Mg , Na ,K ) and anions (usually Heo , CO 3 ,504 ,C 1 ). Thus, 
an important aspect of salinity is the ba1ance of ions or relative 
composition of the anions and cations. These relative compositions 
are particularly important to subsequent downstream water us es. 
High sulfate or chloride s can be damaging to certain plants, as 
can high calcium (inhibits uptake of potassium) and sodium. Sodium 
concentrations are the most serious as sodium may increase 
osmotic concentrations, be specifically toxic, or affect the soil 
structure, infiltration, and permeability rates. 
The problem of soil effects from sodi¥m has led to a concfr~ 
of the Sodium A bsorption Ratio (SAR = (Na )( 1/ 2(Ca ++ +Mg ++))-
rne/l). Because of the high solubility of sodium and lesser solu-
bility of other cations, notably calcium, sodium tends to increase 
in relation to other cations and can become a problem even though 
the overall TDS remains relatively constant. Attempts to combat 
the sodium ion exchange problem usually involve the addition of 
gypsum to the s oil. In addition to agricultural problems, while 
exchange of sodium for calcium tends to soften water for munici-
pal and industrial uses, high sodium water also might have some 
adverse health effects. All salts have some impact on crops and 
hence the use of water to irrigate crops requires an evaluation 
of s oil and water salinity, and the ionic composition of the salinity. 
The types of crops that can best be grown will depend on all of 
these factors, and of course, economic returns from irrigated 
agriculture depend on crop types. 
For municipal uses, calcium causes a water condition known 
as "hardness" which often is regarded as a disadvantage for domes-
tic and some industrial water uses. High levels of sodium ion 
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produce a "softll water for domestic supplies, but create a very 
undesirable water for irrigation purposes. Thus, processes, 
whether natural or man- induced, which tend to alter the propor-
tions of dissolved ions in the water can profoundly affect down-
stream uses. For example, it is reported that within the Lake 
Powell and Lake Mead storage reservoirs the concentrating effects 
due to evaporation from these water surfaces are essentially 
offset by the precipitation of dissolved salts from the impounded 
water s. However, the precipitating salts tend to be predominantly 
calciurn compounds so that the resulting ionic content of the waters 
is shifted towards the sodium ion. This change (increased sodium. 
abs,orption ratio) may be regarded as beneficial by domestic users, 
but the water quality is less desirable for irrigation purposes 
farther downstream. 
In sumnlary, from several aspects the nature of the salinity 
problem is cOnlplex, including (1) the physical-chemical relations, 
(2) the nlanagenlent and use of the water for various purposes, 
(3) the economic consequences of using saline water, and (4) the 
costs and effectiveness of technologies for dealing with salinity. 
Salinity and irrigation practice. Over the years, irrigation 
technology has been prim,arily concerned with m.anagenlent and 
application of water to the land, and control of salinity levels in 
the soils. Through irrigation practices nlan diverts salts already 
dissolved within the streamflow and applies thenl to agricultural 
lands. If these salts are pernlitted to accunlulate within the soil 
root zone, the lands quickly beconle saline and plant growth is 
either retarded or stifled. This condition is prevented by applying 
an excess of irrigation water such that the salts are carried back 
to the streams w·ith the irrigation return flows. The net effect 
of this process is that water flow rates in the streams are reduced 
by crop evapotranspiration, while salt loads either remain fixed 
or increase by additional pickup of salts fronl within the soils of 
the irrigated area unless the soil is used as a salt sink. 
Since irrigation technology traditionally has not been oriented 
to the control of salinity in return flows, irrigation practice now 
poses a water quality management problem because the salts in 
return flows n1.ay produce unacceptably high downstream salinity 
levels. An important question then is the manner in which PL 
92-500 applies to irrigation return flows, which raises a further 
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question as to the ability of irrigation technology to control 
salinity as one aspect of solving the salinity problem in the Colo-
rado River Basin. 
SOURCES OF SALINITY IN THE 
COLORADO RIVER BASIN 
Natural System Characterization 
The Colorado River Basin is a large, diverse, and complex 
system encompassing all of the types of water quality problems 
as sociated with agricultural, industrial, and municipal develop-
ment. In localized areas anyone of a number of problems may 
be extremely severe. However, in the context of a basin-wide 
analysis, it has been documented by many studies that mineral 
pollution is the primary water quality problem in the Colorado 
River Basin. It is also the problem which is greatest affected 
by the natural background conditions of the basin. 
Es sentially all stream flow and much of the salt load in the 
Colorado River Basin comes in runoff generated by snowmelt and 
spring rains that occur at higher elevations. As the elevation 
decreases, runoff yield diminishes until in the lowland areas 
natural runoff is nonexistent except during or immediately after 
storms. 
The mineral quality of a stream is related to the geology and 
soils of a given basin. The highland areas of the Colorado River 
Basin consist of relatively weather res istent crystalline igneous and 
and metamorphic rocks which contain few soluble minerals. 
These rocks and their derived soils in the presence of relatively 
high annual precipitation produce runoff with low concentrations 
of dissolved solids although the total salt load is relatively large 
because of the amount of flow involved. As the stream enters 
the lower lying lands the channel crosses easily eroded alluvium 
or residuum situated on ancient saline marine sediments (for 
example, mancos shale) deposited prior to the uplifting of the 
Colorado plateau during Paleocene and Eocene time. During 
contact in the stream channel the water dissolves the deposited 
rnineral salts and transports them downstream as part of its 
increasing salt load. The process of channel erosion and 
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dis solution usually re sults in the stream bed being deeply entrenched 
in the marine sediments. This situation encourages mass wasting 
from the sides of the channel which further increases the salt and 
sediment load of the s tr eamQ 
During high stream stages, flows enter bank storage where 
they contact soluble salts contained in the marine sediments. 
During low flow periods these waters which stored waters which 
now contain salts dis solved from the surrounding alluvium, 
emer ge and contribute to the s alinity of the ba s e flow. In addition, 
precipitation entering permeable aquifers at higher levels may 
emerge further downstream as flow mineralized by contact with 
soluble soil minerals and rock debris encountered during its sub-
surface flow .. 
Another natural phenomena involved in developing salinity 
in the stream is the transpiration as sociated with the presence of 
phreatophytes in the flood plain. This process while not increas-
ing the salt load has a concentrating effect on the :r:emaining water 
in the stream. 
Sumnlertin1.e thunder stornl events in the arid valleys produce 
runoff on easily eroded marine sediment outcrops which quickly 
develops rills and gullieso This erosion produces both sediment and 
salinity which finds its way into the stream channel and thus con-
tributes to the salt production of the basin. 
The natural processes described above are among the many 
diffuse sources which have been contributing to the salt and sedi-
ment loads in the waters of the Colorado River Basin since the 
beginning of its geologic history.. This hydro -geochemical cycle 
cannot easily be altered by man. 
The definition of the natural system, particularly with regard 
to diffuse sources, takes on additional significance when it is 
realized that the impact of man I s activity cannot be truly evalu-
ated unless natural baseline data can be estimated by calculations. 
Only then will there be a fralne of reference for the water quality 
pro blem. evaluation and pas sible control in the Colorado River 
Basin. 
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In assessing quality and quality changes resulting from 
man l s activities in the Colorado River Basin, it would be desir-
able to use historical data to reconstruct the natural system and 
its quality before the intervention of man. Since these data are 
lacking, the construction of a baseline is very difficult. Any 
attempts to analyze historical quality changes depend on certain 
assumptions about the river basin which seem to be correct: 
1. The watershed is a continuous producer of water, 
sediment, and salt. 
2. The watershed lands are themselves the lar gest 
consumers of the water falling on them. 
3. The rock formations and soils of a watershed present 
a complex dynamic cheITlical and biological mass capable 
of exerting a major change on the quality of water 
pas sing through. 
4. Water from rain, snow, and other forITls of precipitation 
is exposed to airborne cheITlicals in its path froITl the 
clouds to the soil surface and is chemically active on 
contact. 
5. The bulk of the water reaches the soil surface infil-
tration and takes a II geologic route" to the surface 
streams. Quantities of overland flow are small on 
both an absolute and a relative sense. 
6. Water deteriorates in quality along the water course due 
to its exposure to natural or impos ed conditions. 
7. Water deteriorates in quality between the headwaters 
and points downstream due to increas ed geologic and 
climatic exposure both with respect to time and space. 
8. Quantity and quality of water at a given point in a stream 
is the integration of the exposure and use conditions 
above that point. 
9. All uses and exposures of water may affect its quantity, 
quality, or both. Thes e include: 
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a. Use by nature (range and forest land, phreatophytes 
natural water surfaces and transporting the by-
products of natural processes to the sea, such as 
sediment and salt) 
be Agriculture 
c. Industrial (including power production) 
de Municipal (including culinary) 
e e IVlining. 
L Flood control 
g. Land building (cons ervation practices) 
h. Navigation 
i. Transportation (L e., coal slurry) 
j. Recreation 
k. Dilution or quality control 
1. Storage 
10. All water in a dynamic system is being affected in one or 
more of the above ways. 
1 L. Man may induce quality and quantity changes by modifying 
the above uses by: 
a. Changing the consumptive us e 
b. Changing the exposure conditions of water 
c. Adding substances or pollutants 
de Exporting water from the system 
e~ Importing water from the system 
f. Modifying precipitation 
g. Removal of dis solved or suspended materials 
(desalinization or treatment) 
Many of the above as sumptions have been used in previous 
studies, however, some have not. Some may appear to have little 
consequence, yet all may have a place in trying to understand 
and as ses s the impacts of changing use and exposure of water that 
alters quality. 
Figure II-I is a graphic representation of a natural water-
shed condition, its source of water and its exposure to quality 
and quantity changes to the point at which the water becomes 
part of the surface stream. As shown in the figure, the falling 
precipitation may corne in contact with airborne chemicals or 
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Figure II-I. Natural watershed processes. 
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surface vegetation before it reaches the soil surface~ This may 
seem unimportant, but concern for air pollution and its effect 
has generated the need for sampling rainfall for the pH. Indi-
cations point to quality changes in precipitation due to these 
above ground exposures. These quality changes may change the 
chemical activity of the water as it comes in contact with the soil. 
Figure 11-1 also shows that most of the water reaching the soil surface 
infiltrate s into the water shed soils with only a small part traveling 
overland to reach the surface stream. Most of the water, perhaps 
as much as 90 percent of the supply on some segments of the water-
shed, is consumed in the evapotranspiration process on the water-
shed lands and by the immediate local vegetationo However, only 
that part reaching the stream becomes the manageable and impor-
tant segment to which our attention is directed. In reality, this 
water has been exposed to the natural surface and geologic con-
ditions lying in its path between its condensation, precipitation, 
surface impact, and subterrain route to the stream. This man-
ageable water may be appropriately called the "leaching fraction" 
of the water falling on the watershed. This is an important 
concept since as the leaching fraction changes the water quality 
also changes. For example, water from the high mountain water-
sheds is of excellent quality. This good quality is attributable 
to two conditions: (1) that the leaching fraction is high (25 percent 
to 50 percent or more of the precipitation appears as runoff), 
and (2) that the geologic nature of the exposure is often to rocks 
with few soluble minerals. Lower watersheds with a lower precip-
itation and a correspondingly lower leaching fraction almost 
always produce water of lower quality. In addition to these spatial 
variations, the leaching fraction also changes with time or season. 
For example, during the so-called "base flow" months of August 
through March all measuring stations of the Colorado River show 
increased TDS concentrations with decreases in flow. This trend 
in fact, extends also to annual flows. For example, dry years 
show highest average concentrations because these years are 
associated with low leaching fractions (minimum flows). 
Studies of Salinity Conditions and Sources 
At the headwaters of the Green River, originating within 
the Wind River Range, the average concentration of total dissolved 
solids is about 20 to 50 ppm.. The other major sources of water 
within this subregion are the Uinta Mountains, again with total 
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dis solved solids concentrations of approximately 20 to 50 ppm, and 
the western slopes of the Rocky Mountains, where the few avail-
a ble water quality measurements indicate salinity levels of the 
same magnitude. At Green River, Utah, however, the water has 
reached an average concentration of 490 ppm. 
The headwaters of the main stems of the Colorado and of 
the Gunnison Rivers have concentrations of total dissolved solids 
averaging from 50 to 100 ppm. These waters reach an average 
salinity level of 580 ppm at their confluence at Grand Junction, 
Colorado. At the downstream end of the main or grand division 
salinity levels average about 730 ppm. 
For the San Juan drainage, average salinity levels in the 
headwaters range from 30 to 100 ppm, reach concentrations of 
300 ppm at Farmington, and enter the main stem of the Colorado 
with a total dissolved solids content of about 500 ppm. 
Water leaving the Upper Colorado River Basin at Lee Ferry 
contains an average total dissolved solids concentration of about 
580 ppm. As has been indicated, the chemical quality of waters 
within the Upper Basin varies considerably in both the spatial 
and temporal dimensions. In general, temporal variations are 
inversely related to streamflow, with the lowest salinity concen-
trations occurring during high flow periods, and the highest 
salinity concentrations occurring at times of low flow (Figure 
II- 2). The range of this variation is small in headwater streams 
and relatively large in main rivers. Iorns et al. (1965) describe 
the fluctuations in total dis solved solids concentrations in terms 
of a "coefficient of variation" that is obtained from the daily 
records of several stations within each division. These coef-
ficients of variation, derived by comparing weighted-average 
concentration of dissolved solids to water discharge then can be 
used to estimate the dis solved solids concentration at sites where 
continuous records of chemical quality are of short duration or 
where such data are obtained infrequently. 
Although the main stem or grand division of the Upper 
Basin has the smallest drainage area, it contributes more water 
and more dissolved solids than either of the other two divisions. 
Iorns et al. (1965) estimate that about 48 percent of the dissolved 
solids recorded at Lee Ferry, Arizona, originate in the Upper 
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Colorado main stem division, 33 percent from the Green division, 
and 19 percent from the San Juan division. Corresponding esti-
mates by Hyatt et al. (1970) are 55, 31, and 14 percent, respec-
tively. In the San Juan division, the San Juan River itself con-
tributes about 11 percent of the 14 percent total. Average salinity 
flow diagrams for the Green, Main Stem, and San Juan divisions 
respectively, are shown by Figures II-3, 11-4 and 11-5. The mean 
annual weight of dissolved solids leaving the Upper Colorado River 
Basin as gaged at Lee Ferry is estimated to be about 8,570,000 
tons. Of this total it is estimated that the Green division con-
tributes about 2, 650,000 tons, the Main Stem division about 
4,710,000 tons, and the San Juan division the remaining 1,210,000 
tons, with about 1,030,000 coming from the San Juan Riv'er system 
itself (Table II-I). As an example of the wide geographic variation 
in salt contributions throughout the Upper Basin, at the confluence 
of the Green and Yampa Rivers, average annual water discharge 
rates are estimated to be 2,065 cubic feet per second (cfs) and 
1, 960 cfs, respectively. However, the Yampa River system 
contributes only about 400, 000 tons of salt per year, compared 
to approximately 800, 000 tons from the Green River at this same 
point (Figure 11-3). According to the same reference, (Hyatt et 
al., 1970), in the Main Stem division, at the junction of the Colo-
rado River and the Gunnison River, the Colorado carries about 
1, 950, 000 tons of salt per year, while the Gunnison contributes 
approximately 1, 370, 000 tons per year (Figure II-4). 
Many mineralized thermal springs discharge into streams 
throughout the basin and contribute to pollution proble'ms from 
both a salinity and thermal aspect (Table 11-2 and Figure 11-6). 
Some springs, such as those which discharge into the northward-
flowing tributaries of the Duchesne River, also introduce high 
concentrations of a toxic ion. Iorns et ale (1965) indicate that 
183, 000 tons of salt annually are added to the Colorado River 
ITlain stern between the Eagle River and the Shoshone power 
plant about 17 miles downstream. This reference further indi-
cates that about 59, 000 acre-feet of water and 540,000 tons of 
salt flow annually from mineralized thermal springs within the 
Upper Colorado River Basin. 
Salinity problems usually are characterized by the concen-
trations of salt in the water, and for this reason processes which 
tend to alter concentration levels are important to water users. 
Phreatophytes, for example, do not contribute appreciably to the 
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Figure 11-3. Mean annual salt flow rates, Green division 
(after Hyatt et al., 1970). 
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Figure 11-4. Mean annual salt flow rates, Grand division 
(afte r Hyatt et al., 1970). 
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Figure 11-5. Mean annual salt flow rates, San Juan division 
(after Hyatt et aL, 1970). 
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Table II-I. Sources of salinity at Lee Ferry, Upper Colorado 
River Basin. a 
I. By subbasins 
Green system 2,650,000 tons/yr 475 mg/l 
Upper Main Stem 4,710,000 fr rr 640 mg/l 
San Juan system 1,210,000 rt n 390 mg)1. 
Total 8,570,000 tons/yr 579 mg /1. 
II. Origins of this salt 
~easured sources 
Ungaged tributary inflows 
Irrigation return flows 
Natural diffused and point 
sources 
Total 
III. Water uses (Annual) 
Irrigation diver sions 
Irrigation (crop) ET 
Phreatophyte ET 
IV. Salinity contributions (mg /1. ) 
Reservoir evaporation 
Agricultural ET 
1, 7 00, 000 ton s / yr 
1,070,000 fl 1'1 
1,530,000 n It 
4,270,000 t1 
8,570,000 
4. 8 Ac- Ft/ Ac 
1.9 II It 
3
0
7 1\ II 
22 mg/i. 
113 II 
Salt pick- up by return 
flows 
Phreatophyte ET 
Natural diffused and 
point sources 
104 239 mg/i. 41 percent 
45 11 
It 
Total 
8 It 
51 
100 
It 
tt 
aEstimates are based on average adjusted flow conditions for 
1931 to 1960 and are obtained from the results of a model study 
by Hyatt et al., 1970. 
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Table II- 2. Saline springs and wells in the Upper Colorado 
River Basin. 
T0tal dissolved- Total dissolved-
soli.ds concp.ntrat i.on solids load Flow 
;;'low (tons! (tons/ (tons/ (ac.-rt./ 
Sl2rinl: and location (, .f.s. ) (m~.) ac. -ft. ) da:t:2 ;lear} ;lear) 
Castle Creek Spring ncar 
r-1oab, Ut'lh '1, r'llr:) l;,390 6.0 2·9 1,060 177 
Onion Crep.l, Spring near 
Moab, Utah 0.1,?2 9,120 12.4 3.0 1,100 88 
Cold Kendall Spring near 
Kendall Ranger Sta., Wyo. 1.1,00 2,100 2.8 7.9 2,880 1,014 
Ragen Spring on Muddy Cr. 
west of Ft. Bridger, Wyo. 0.089 9,210 12.6 2.2 800 64 
Dotsero Springs 1.5 mi. 
west of Dotsero, Colo. 17.000 10,700 14.5 500.0 182,600 12,308 
Glenwood Springs area, 
Glenwood Springs, Colo. 13.000 18,900 25.5 919.0 335,000 13,032 
Steamboat Springs at 
Steamboat Springs,Colo. l.LOO 6,11-10 8.4 23.4 8,500 1,014 
Lithia Spring, Steamboat 
Springs, Colo. 0.022 5,770 7.8 0.3 llO 16 
Piceance Creek Spring, 
Heeker, Colo. 0.022 4,650 6.5 0.2 72 16 
Trimble Hot Spring, 
Durango, Colo. 0.066 3,25C 4.4 0.1 36 48 
Pagosa Hot Spring, 
Pagosa, Colo. 2.300 3,240 4.4 20.0 7,300 1,665 
Pinkerton Hot Spring, 
Durango, Colo. 0.500 3,670 5.0 5.0 1,820 362 
Yellow Creek Spring, 
Rangely, Colo. 0.089 9,370 12.7 2·3 840 64 
Ridgway Hot 
Ridg'day , l.000 2,850 3.9 7.0 2,550 724 
Paradise Hot SprinG, 
Dunton, Colo. O.ill 5,490 7.5 1.7 620 80 
Big Sulphur Spring, 
Heredith, Colo. 0.333 2,250 3.1 2.0 730 241 
Arsenic Spring, Crystal 
Mining Camp 2.000 2,030 2.8 11.0 4,000 1,448 
Coal Mine Drainage, Oak 
Creek, Colo. 0.666 3,430 4.7 6.2 2,260 482 
South Drain Ashley Cr. 
Oil Field, Vernal, Utah 2.200 2,670 3.6 15·9 5,800 1,593 
Crystal ';eY9:?r, (}reen 
River, Utah 0.282 13,100 17.8 10.0 3,640 204 
Flovring Hell near Aneth, 
utah 0.133 4,560 6.2 1.6 580 96 
Drainage, Iles Dome Oil 
Field near Loyd, Colo. 2.900 2,180 2.9 17.0 6,200 2,100 
11 List of springs and weils limited to those Yrith T.D.S. concentrations in excess of 2,000mg./1. 
Source: U. S. Bureau of Reclamation; Water Quality in the 
Colorado River Basin - progress report no. 7,. 1975. 
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salt load of a stream but us e water and thus concentrate the ex-
isting load in the remaining waters. Other processes which have 
significant concentrating effects on the waters of the Colorado 
River Basin' are agricultural consumptive use and water surface 
evaporation. The relative effects of these two processes as esti-
mated by Hyatt et al. (1970) for the Upper Colorado Region also 
are shown by Table II-I. 
Salt loadings as summarized from a report by the Environ-
mental Protection Agency, Appendix A (1971) are shown by Table 
11-3. On the basis of the figures shown, approximately 68 percent 
of the salt loading within the Colorado River originates from natural 
sources (diffuse sources and mineral springs), irrigation and in-
dustry contribute an estimated 30 percent and one percent, respec-
tively, and minor quantities are added by mining and municipal 
activities. Salinity increases within the Upper Basin region in 
terms of both conc~entration levels and salt loadings are shown 
by Figures II-7 through 11-10. The first three of these figures 
were developed from the model study by Hyatt et al. (1970). Com-
parisons of salt loading at various points on the river system as 
estimated by three studies are shown by Table 11-4. Estimates 
of salinity concentrations by various studies are shown by Table 
11-5. Through analyses of this kind, critical river sections are 
identified, and by relating the salinity changes within these critical 
sections to specific activities or processes (both natural and man-
induced), a basis for an improved understanding of river manage-
ment can eventually be developed. 
Colorado River Salinity Control Forum 
Studies on Salinity Management 
The Salinity Forum has conducted an intensive investigation 
of salinity conditions in the Colorado River below Lee Ferry, 
Arizona (CRB Salinity Control Forum, 1975). The study depended 
heavily on the use of a mathematical model developed by the U. S. 
Bureau of Reclamation (Ribbens and Wilson, 1973). The model is 
basically a flow and salt accounting system, using a routing time 
frame of 1 month. Average river travel times between network 
nodes are not required. Total dis solved solids are us ed as the 
quality parameter and the salinity system is treated as a con-
servative one. Because mass balance techniques are employed, 
chemical precipitation, dis solution and reactions of individual 
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Table 11-3. Salt loading~-Upper and Lower Colorado River Basin. 
Natural (tons/day) 
Sub-basin Diffuse Mineral 
springs 
Upper 
Colorado 
UG 1,2,3 
UG 4 
UG 6 
UG 7 
UG 8,11 
UG 9,10 
UG 12 
UG 13,14 
UG 15 
UG 17 
UG 16 
UG 18 
UM 1,3 
UM 2,4 
UM 5 
UM 6, 11 
1194 
632 
317 
403 
2337 
950 
599 
636 
951 
1400 
189 
606 
694 
1384 
420 
90 
UM 7,8,9,10 1520 
UM 13 1600 
UM 12 780 
UM 14 976 
US 1-6 1037 
US 7 2490 
Sub Totals 2~205 
0/0 of Load 
Lower 
Colorado 
630/0 
LM 1 
LL 3 
LM 2 
LM 3 
LM 4 
LM 6 
LM 7 
920 
439 
54 
17 
9,082 
o 
o 
LM 8 0 
SubTotals 10,512 
0/0 of Load 560/0 
Grand Total 31,717 
% of Total 60. 50/0 
a 
26 
o 
o 
2 
o 
24 
51 
4 
2 
o 
o 
1360 
o 
o 
o 
o 
695 
8 
25 
o 
2199 
6.5% 
1500 
o 
286 
204 
o 
o 
o 
1990 
11% 
4189 
8% 
Man-induced (tons / day) 
1r rigation Industry Mining 
30 
200 
30 
481 
243 
103 
230 
1350 
20 
o 
680 
290 
122 
310 
30 
2000 
3100 
o 
46 
96 
362 
o 
9723 
290/0 
o 
o 
112 
o 
74 
5,900 
6, 086 
330/0 
15,809 
3 0.5% 
o 
o 
o 
o 
o 
17 
32 
o 
177 
o 
13 
o 
10 
40 
44 
o 
o 
119 
o 
46 
o 
498 
1.50/0 
o 
o 
o 
o 
o 
o 
o 
o 
o 
498 
10/0 
o 
o 
o 
o 
o 
6 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
14 
o 
20 
o 
15 
o 
55 
o 
o 
o 
o 
o 
o 
o 
o 
o 
55 
Adapted from Environmental Protection Agency, 1971. 
Total 
Municipal load (tons/day) 
o 
o 
o 
o 
o 
o 
o 
o 
o 
16 
36 
o 
o 
10 
o 
66 
o 
o 
o 
o 
43 
o 
o 
43 
109 
1,250 
832 
348 
886 
-1,190b 
1, 100 
912 
1,990 
1, 150 
1,400 
885 
897 
817 
3,064 
490 
2,150 
4,670 
1,600 
1,660 
1,080 
1,495 
-9,726c 
17,760 
2,420 
439 
452 
17 
9,331 
74 
o 
5,900 
18,m 
36,393 
b An estimated 3,770 tons/day of salt were stored in the Flaming Gorge River. 
c An estimated 12,216 tons/day of salt were stored in Lake Powell. 
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Schematic diagram of the salinity flow system 
within the Green division of the Upper Colorado 
River (after Hyatt et al. , 1970). 
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Figure 11- 8. Schematic djagram of the salinity flow system 
within the Grand division of the Uppe r Colorado 
River Basin (after Hyatt et al., 1970). 
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Schematic diagram. of the salinity flow system. 
within the San Juan division of the Upper Colorado 
River Basin (after Hyatt et al., 1970). 
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Figure 11- 10. Sche.matic diagra.m of the salinity flow syste.m 
within the Lower Colorado River Basin. a, b 
a 
The Gila River syste.m is excluded. 
b Based on averages for 1941-1970. Figures taken fro.m U. s. 
Bureau of Recla.mation, Table 18, page 149 Quality of Water 
Colorado River Basin progress report No.6. 
113 
Table 11-4. Summary of salt loading at selected stations on the 
Colorado River. 
j \ 
j
SUb-
Basin i 
UG-6 
UG-ll 
UG-14 
UG-17 
I 
Station 
Green River near Green 
River, Wyoming 
Green River near 
Greendale, Utah 
Duchesne River near 
Randlett, Utah 
Green River at Green 
River, Utah 
San Rafael River near IUG-18 
: Green River, Utah 
IUM-3 
I
UM
-
S 
UM-10 
UM-13 
Colorado Rive r near 
Glenwood Springs, Colo. 
Colorado River near 
Cam.eo, Colorado 
Gunnison River near 
Grand Junction, Colo. 
Colorado River near 
Cisco, Utah 
San Juan River near 
Archuleta, New Mexico 
San Juan River near 
Bluff, Utah 
Colorado River at Lee 
Ferry, Arizona 
Colorado River near 
Grand Canyon, Arizona 
Virgin River at 
Littlefield, Ar izona 
Colol'ado River below 
Hoover Dam, Ariz. -N ev. 
Colorado River below 
Parker Dam, Ariz. -Calif. 
Colorado River at Imperial 
Dam, Ariz. -Calif. 
Salt LoadingJ Tons/Yr. x 1000 
EPAa USBR 0 (long I USU C (long Colo. Rivera 
(1965-1966) term avg.) I term avg.) Brd. of Cal. 
945 
1177 
726 
3167 
327 
639 
1595 
1704 
4672 
359 
1496 
6446 
7289 
165 
7983 
6617 
6851 
8994 
558 
956 
405 
2644 
221 
593 
1524 
1474 
4145 
204 
998 
8566 
(inflow) 
9676 
348 
10410 
8813 
9074 
494 
1222 
422 
2405 
243 
610 
1540 
1647 
4713 
197 
1010 
8570 8430 
(inflow) 
6020 
(release) 
8120 
7120 
7470 
a Appendix A (1971) Environmental Protection Agency 
b . U. S. Bureau of Reclamahon, Progress Report No.7, Jan. 1975. 
C Hyatt et al., 1970. 
d 
Colorado River Basin Salinity Control Forum (Unpublished). 
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Table 11-5. Estimates of salinity concentrations by various studies. 
At LEE FERRY 1:3 elow HOOV ER DA M 
DATE/STUrY/AGENCY 
Hist Pres Modif 1980 2000 2030 Hist Pres 
Water 
1964 Resources of USGS 
the Upper CR B 250 500 
Basic Data 
Need for 
1970 Controlling 
Salinity of the CRBC 730 
CR 
1963 QTuality of 
DOl 764'" 1973 \\ ater- 560 610 690 
eRB 
The Mineral 
1971 Quality . 
Problem in EPA 760 
the CR 
Upper Colorado 
1971 Region WRC 586 820 ':: Framework 
Study 
Lower Colorado 
1971 Region 
Framework WRC 650 760 820 
': 
Study 
Colorado River 
1974 Water Quality USBRj Improvement 
Program 
Average value over years of record 1941-1970 
Average for the year 1970 
Modif 1980 20DO 
830 
745 9700: 
880 990';: 
950 1010 
At IMPERIAL DAM 
2030 Hist Pres Modif 1980 2000 
1090 850 1070 1340 
760 852 1205': 
870 1060 1220' 
1050" 1260 1290 
865 930 1160 
Historical 
Present 
Modified 
1980-2030 
Historical average modified to include developments as if operational over full period of record 
Projection based on future development with no salinity control program 
C. 
0 
m 
m 
e 
2030 ·If s 
1390 
"', 
·Assuming 
12T/ Ac. from 
new irrigated 
land and no 
control 
'-
,:<Year 
2010 
~: Year 
2020 
bil~d en 
~~t~"i-~6 
135(f 
,): Year 
2020 
constituents are not explicitly considered. These effects must 
be included by appropriate inputs. Both bank storage and evapor-
ation are included for reservoirs. Instantaneous mixing is assumed, 
resulting in uniform res ervoir water quality. Stratification, in-
complete mixing, varying detention times or short circuiting and 
variable withdrawal levels are ignored. 
The Salinity Forum conducted salt routing studies and re-
ported future salinity levels at four locations in the Lower Basin: 
1): Lee Ferry, 2) Hoover Da'm, 3) Parker Darn, and 4) Imperial 
Dam. No attempt was made to model the river system above 
Lake Powell. 
The first step in the modeling process was to estimate what 
conditions would have occured at the four locations during the 
base year (1973) for a range of assumed virgin flows at Lee Ferry. 
This was accomplished in the following manner: 
1) The flow into Lake Powell was calculated by subtracting 
Upper Basin depletions and evaporation from reservoirs 
other than Powell from the as sumed virgin flow. For the 
1973 base year these were 2,976 and 110 thousand acre-
feet per year (TAF Iy), respectively. The Bureau of 
Reclamation proposed the following function relating salinity 
to flow entering Lake Powell based on the period of record 
through 1962 (Ribbens and Wilson, 1973): 
S = 2, 989 + O. 485 6Q (1) 
where S is salt load in thousand tons per year (TT Iy) and 
Q is flow in TAF Iy. When Equation (1) was found to under-
estimate the mean salinity for the period of record 1941 
through 1970, it was increased by 350 TT Iy to: 
S :: 3, 339 + O. 485 6Q 
The Salinity Forum reasoned that Equation (2) is more 
representative of present conditions because it takes into 
consideration Upper Basin developments that have taken 
place since 1962. Equation (2) was used in the study and 
the resulting salt loading to Lake Powell for each of the 
assumed virgin flows is shown in Table 11-6. 
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2) Evaporation from Lake Powell and Lake Mead was cal-
culated by the model as functions of reservoir volumes. 
Evaporation for the base year is shown in Table II-6. It was 
assumed that no salt was lost or gained during pas sage 
through the reservoirs. 
3) Assumed tributary inflow between Powell and Mead is 
shown in Table II- 6 for each assumed virgin flow. The 
average salinity of this inflow was assigned a concentration 
of2.68T/AF. 
4) An intensive analysis was conducted on the river reaches 
between Hoover and Imperial Dams because there are sev-
eral sources of conflicting information. The work group 
states that most estimates are based on inflow-outflow 
(mass balance) computations and the results are questionable 
because the losses are small compared to the accuracy 
of gauged flows at Hoover and Imperial. For example, a 
± 5 percent measurement accuracy at Hoover computes to 
be ± 400 TAF Iy and, thus the range of gaging accuracy is 
larger than most published figures of losses or gains from 
Hoover to Imperial. Therefore, the losses and gains shown 
in Table II- 6 for this reach were based primarily on quali-
tative judgments. The table also shows 305 TT Iy of salt 
precipitated between Hoover and Parker and a salt loading 
factor of O. 5 tons per acre per year for the Palo Verde and 
Colorado River Indian Reservation irrigation districts. 
The second step was to estimate the impacts of future de-
velopments using the values in Table II- 6 to define base flows and 
concentrations in the Lower Basin for a variety of assumed virgin 
flows. The effects of future projects could be evaluated by super-
imposing the expected changes in flows and salt loadings as sociated 
with planned projects. The virgin flow during each run was held 
constant for the entire study period 1974 to 1990. 
Reservoirs were operated to maintain a balance between 
Powell and Mead. A minimum monthly flow of 686 TAF (8, 230 
TAF Iy) was specified for releases from Powell. A minimum 
target flow of approximately 5, 780 TAF Iy (varied slightly from 
year to year) was assigned for release from Imperial Dam to 
meet downstream commitments. 
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Table 11-6. Approximate values used by the Salinity ForuITl for flow and salt routing for the 
base year assuming different virgin flow conditions. 
0--. 
Flow Salt Cone Flow Salt Cone Flow Salt Cone Flow Salt Cone Flow Sa lt 
f--- TAF/y TT /y T/AF TAF /y TT /y T/AF TAF/y TT /y T/AF TAF/y TT/y T/AF TAF/y TT/y 
[Assumed Virgin Flow at Lake Powell l2000 l3000 l4000 l5000 l6000 
Upper Basin Diversions 
-2976 
-2976 
-2976 
-2976 
-2976 
Upper Basin Evaporation 
-llO 
-llO 
-llO 
-llO 
-ltO [Assumed Flow into Powell 8914 7670 0.86 9914 8150 0.82 l09l4 8640 0.79 ll9l4 9120 0.77 l29l4 9610 
Lake Powell EvaporationG) 
-506 0 -S06 0 
-506 0 -506 0 
-506 0 Lee's Ferry 
Tributary Inflow 608 l632 2. 68 658 l768 2. 68 709 1904 2. 69 760 2040 2. 68 810 2176 
Southern Nevada Project @ 
-75 -75 -75 -75 
-75 -75 
-75 -75 
-75 -75 
Lake Mead Evaporation CD 
-883 0 -883 0 -883 0 
-883 0 
-883 0 
Below Hoover Dam 
Mohave Power Plant ® 
-t5 -l5 
-t5 -l5 
- t5 -t5 
-l5 -t5 
-t5 -l5 
Evaporation, Lake Mohave 
- t80 0 -t80 0 
-t80 0 
-L80 0 
- t80 0 Evaporation, Lake Havasu 
-l34 0 -l34 0 
-l34 0 
-l34 0 
-l34 0 Salt Precipitation 0 -305 0 -305 0 -305 0 -305 0 -305 
Metropolitan Water District of S. C~ -ll43 -ll65 -ll43 -lt65 -ll43 - tt65 -ll43 -ll65 
-ll43 -lt65 
Below Parker DalTI 
Colorado River L R. (64TA) ® 
-290 +32 
-290 +32 
-290 +32 
-290 +32 
-290 +32 
Palo Verde Irrigation (t05TA) 0 -475 +53 -475 +53 -475 +53 -475 +53 -475 +53 Other Miscellaneous 
Evapotranspiration Losses ® 
-250 0 
-2.50 0 -250 0 -250 0 -250 0 
Below IlTIperial DalTI 
Note l. Evaporation for Lake Powell and Lake Mead was caLculated in the lTIodel. ApproxilTIate values in this tabte were obtained by using the 
lTIodel e(1uations. The average annual evaporation rate for Powell was 3.95 AF/A/y and for Mead 6.83 AF /A/y. 
POWELL (Base year, 1973): A = 8.27 + (7. 2lxW- 3 ) (t9639) - (5. 70xW- 8 ) (t9639)2 = l28 TA. 
POWELL (Spillway Crest) A = 8.27 + (7. 2lxlO- 3 ) (27000) - (5.70xtO- 8 ) (27000)2= L6l TA. 
-3 -8 2 MEAD (Base year, t973) A = t8. l3 + (5. 45xto ) (22U5) - (t. 93xW ) (22tt5) = l29 TA. 
MEAD (Spillway Crest) A = l8. l3 + (5. 45xto- 3 ) (28255) - (t. 93xlO- 8 ) (28255)2= t57 TA. 
Cone 
T/AF 
0.74 
2. 69 
Three diversion levels (high, m.ost probable, and low) 
were estim.ated for each planned project for the years 1976, 1980, 
1985, and 1990. Linear interpolation was used to obtain flows 
for interm.ediate year s. The values us ed in the m.odel ar e shown 
in Tables II-7 through II-9. Because the m.odel required m.onthly 
input, the average annual flows shown in Tables 11- 6 through II-9 
were distributed on a m.onthly basis. The m.odel l s m.onthly out-
puts were then converted back to average annual flows and flow 
weighted salinities. 
The m.odel used by the Salinity Forum. is a dynam.ic sim.u-
lation type and, therefore, concentrations calculated at any par-
ticular tim.e are dependent on the conditions which existed during 
som.e preceding tim.e interval (approxim.ate1y equal to the average 
travel tim.e through the system.). To start each com.puter run, 
initial conditions for 1973 had to be specified within the system. 
(Lakes Mead and Powell). So actual m.easured 1973 average 
salinity concentrations and the end of calendar year 1973 storage 
were used. The resulting 1974 calculated salinities, due to the 
"average conditions 11 logic used as a basis for the m.odel, did not 
m.atch actual m.easured salinities, as shown by the following 
sum.m.ary: 
Point on Colorado River 
Hoover Dam. 
Parker Dam. 
1m.perial Dam. 
1974 Concentration (pprn)~:~ 
From. 
Com.puter 
Study 
742 
744 
886 
Actual 
689 
704 
835 
*F1ow weighted averages of 1974 .m.onth1y values. 
Therefore, all calculated values were adjusted to coincide with 
actual 1974 values. The selection of a starting point determ.ines, 
to a great degree, whether a set of particular conditions will 
m.eet salinity standards. 
The following num.eric water quality standards for salinity 
were adopted by the Colorado River Basin Salinity Control Forum. 
(CRB Salinity Control Forum., 1975): 
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Table 11-7. Diversion for energy and out of basin transfers (1000 AF /y) 1 (water lost from 
the system taking salt with it; salt removed = diversion and assumed salinity 
at point of discharge). 
Element Assumed Diversion 
V Model Input Specific Projects: Salinity at Base 1974 1976 1977 1980 1983 1985 1990 Tota I Consunlptive U se@ (increase in depletions at Diversion Year Consumptive Consumptive Consumptive Consumptive Consumptive Consumptive Consumptive Type over base - 1973Q) (T/AF) ® (1973) Use Use Use Use Use Use Use 
13113 Southern Nevada Project 75 93 130 l41 175 199 215 275 ( sum of in-basin Ag, M/I ® 75 85 105 ll7 l55 l82 200 250 Fish & Wildlife, and Power) 75 80 90 102 140 164 t80 235 
In- Basin Ag 5 10 10 15 
0 5 5 10 
0 0 5 to 
In - Ba sin Coa 1 Deve topment 20 25 25 35 
lO 20 25 30 
0 20 20 30 
In-Basin M & I 30 65 ltO 150 
20 55 45 l35 
t5 45 80 120 
l5/t3 Metropolitan Water District Metro. Water District of ® It65 1215 12t5 t2t5 t215 1215 1215 465 
of S. C. ICal. ) S. C. & Coachella Valley Co. 1165 L045 805 815 845 97t 1055 465 
Water District 1165 tOLL 705 713 735 753 765 465 
15/13 Central Arizona Project ® 0 0 0 0 0 1450 1503 
465 t503 
0 t503 
2/15 Fringpan - Arkansas 0.06 23 70 70 70 70 70 70 
® t7 50 55 70 70 70 70 
t2 35 44 70 70 70 70 
r- 2/ l5 Four County (Coto. ) 0.19 30 30 
® 0 0 0 0 0 0 30 
0 20 
2/t5 Denver Englewood (Colo. ) O. to too 100 105 120 
® 0 0 0 70 88 toO 120 
25 46 60 LOO 
2/15 Homestake (Colo. ) O. to ® 7 20 23 30 30 30 30 
5 15 20 30 30 30 30 
5 15 20 30 30 30 30 
I 
t-' 
N 
l-' 
Table 11-7. Continued. 
/ Model Input Total Consumptive Use@ Type 
2/l5 San Juan Chaina (New M. ) 
2/ l5 CUP - Bonneville (Utah) 
2/l5 CUP - Uinta (Utah) 
2/ l5 Cheyenne - Laramie (Wyo. ) 
t G",n Ri v,r lnv"tigation 
'Wyo. ) 
3/ l5 Coa l Ga sification 
3/l5 Oil Shale 
Assumed 
Specific Projects Solinity 
(increase in depletions at Diversion 
over base - 1973® (T/AF)@ 
O. l6 
O. l6 
O. l6 
0.l9 
O. L9 
0.35 
El Paso Gasification (New M.) 
Utah International (New M. ) 
0.5L 
Diversion 1974 1976 
at Base 
Year Consumptive Consumptive 
(1973) Use Use 
9 28 
® 3 9 
3 9 
50 
® 0 25 
. 25 
® 0 0 
2 5 
® 0 0 
0 0 
® 0 0 
7 
@ 0 
0 
0 
8 
8 
8 
5 
® 0 0 
0 
1977 L980 L983 1985 1990 
Consumptive Consumptive Consumptive Consumptive Consumptive 
Use Use Use Use Use 
37 65 68 70 70 
Ll 20 50 70 70 
II 20 32 40 60 
60 90 l29 L55 l65 
I 
25 25 70 lOO l55 
25 25 40 50 60 
0 0 0 0 0 
9 20 24 25 25 
l 5 II l5 l5 
0 0 0 0 l5 
l7 50 toO 
0 0 0 35 60 
0 0 0 
L4 35 53 65 65 
to 35 53 65 65 
0 35 50 60 60 
20 30 30 
20 30 30 
20 30 30 
50 50 -~o 
l5 35 '35 
l5 30 30 
20 65 74 80 225 
5 20 I 47 65 130 0 l5 2L 25 105 
1-' 
tv 
tv 
Table 11-7. Continued. 
"" 
Element 
V Model Input Total Consumptive Use® Ty~e 
3 IL S Power PLant Industry 
-
- -_. __ .- - --.- ..... ~ ...... - ... \ .......... ~ ....... -...... ~-, 
Specific Projects Assumed SOlinily 
'increase in depletions 01 Diversion 
over base - L9730 (T/AF)@ 
BLuestone (CoLo. ) 
West Divide (Colo. ) 
White River IColo. } 
Ruedi Reservoir (Colo. ) 
Green Mountain (CoLo. ) 
Seedskadee IWyo. } 
CUP Jensen (Utah) 
0.47 
Animas - La Plata IColo. } 
Yampa River (Colo. ) 
Diversion 1974 1976 
al Base 
Yeor Consumplive Consumpl iva 
(1973) Use Use 
0 0 
0 0 
0 0 
5 
0 0 
0 
0 0 
5 
0 
0 
0 0 
® 39 Lt6 
22 66 
L8 54 
0 0 
0 0 
1977 1980 1983 1985 1990 
Consumptive Consumptive Consumpt ive Consumplive Consumptive 
Use Use Use Use Use 
35 
0 0 35 
35 
30 
0 0 20 
20 
LO 
0 0 LO 
LO 
20 25 30 
20 25 30 
l5 25 30 
25 35 35 
0 25 25 
0 0 0 
LO LO 25 
0 5 LO 
0 0 LO 
LO LO 60 
0 lO LO 
0 0 0 
l54 270 306 330 620 
88 LSS 218 260 310 
7L l25 l52 l70 270 
25 25 
0 2S 25 
0 25 
15 
0 L5 
LO 
I-' 
N 
v.> 
Table 11-7. Continued. 
V Model Input Total Consumptive Use® Type 
I 
I 
I 
-~- -- ~-.- -- ._---- -- , ..... - .... _ .. ...... 
Assumed 
Specific Projects Solinity 
(increase in depLetions at Diversion 
(TIM) ® over base - L973:Q) 
White River (CoLo. ) 
Hayden Po\verplant (Colo. ) 
Four Corners (CoLo. ) 
San MigueL (CoLo. ) 
Da lLas Creek (Colo. ) 
USBR "Projected Energy" 
(CoLo. ) 
San Juan PowerpLant (New M.) 
Animas-La Plata (New M. ) 
Other (New M. ) 
Four Corners PowerpLant 
Diversion L974 L976 
at Base 
Year Consumptive Consumptive 
(1973) Use Use 
0 0 
5 
5 
0 
0 
7 
7 
7 
L977 L980 L983 L985 L990 
Consumptive Consumptive Consumptive Consumptive Consumptive 
Use Use Use Use Use 
0 0 0 
LO LO 20 
LO LO LO 
LO LO LO 
20 
LO 
5 
L5 
0 0 0 
0 
40 
0 
0 
50 
0 
0 
20 30 30 
20 30 30 
20 30 30 
L5 
0 
0 
5 10 LO 
5 LO LO 
0 0 0 
,... 
N 
~ 
Table 11-7. Continuede 
0, 
Element 
~ Model Input Total Consumptive Use@ 
3/ 15 Miscellaneous Recreation & 
M & I 
.. 
Assumed 
Specific Projects Salinity 
(increase in depletions at Diversion 
over base - 19730 (T/AF~@ 
USBR "Projected Energy" 
(New M.) 
Seedskadee (W yo. ) 
Kaiparowitz (Utah) 
Huntington Canyon (Utah) 
Emery County (Utah) 
Fremont (Utah) 
Escalante (Utah) 
Nevada Coal Development 
0 
Other inbasin use (New M. ) 
Diversion 1974 1976 1977 
at Base 
Year Consumptive Consumptive Consumptive 
(1973) Use Use Use 
20 
15 
lO 
0 
15 
to 
5 
20 
lO 
0 
® 7 21 28 
5 15 20 
1 3 4 
0 
1980 1983 1985 1990 
Consumptive Consumptive Consumptive Consumptive 
Use Use Use Use 
5 15 45 
0 0 0 
0 0 0 
50 65 90 
30 50 60 
30 35 50 
15 50 LOO 
l5 50 50 
to 30 50 
15 15 15 
15 15 15 
L5 15 15 
5 5 to 
0 5 5 
0 0 5 
25 25 30 
0 0 25 
0 0 lO 
30 30 30 
15 30 30 
0 15 30 
25 25 35 
20 25 30 
20 20 30 
50 83 L05 135 
35 59 75 LOO 
5 23 35 35 
l5 25 
0 LO 15 
0 5 
..... 
N 
lJl 
Table II-7. Continued. 
~, 
V Model Input @ To~al Consumptive Use 
1 ype 
l4/t5 Mohave Power Plant 
14/l5 Losses, Hoover-Parker 
14/t5 California Colorado River 
W. D. (above Parker) 
l4/l5 Miscellaneous Hoover-
Parker: Ariz. M/I misc. 
[6/l5 California CoLorado River 
W. D. (Parker to P. V.) 
l7/t5 S.D. G. & E. P. V. Drain 
17/ l5 I Ca IHo,";a Colorado R; ver 
W. D. (below P. V.) 
I 
Specific Projects 
(increase in depletions 
over base - 1973(I) 
Aspen, Dallas Ck., Fish & 
Wildlife (CoLo. ) 
Westavco & Private 
Industrial Rights (Wyo. ) 
Miscellaneous Present 
Perfected Rights (Cal. ) 
Assumed Diversion 1974 
Salinity at Base 
at Diversion Year Consumptive 
(T /AF)@) ( 1973) Use 
@) 15 L5 
15 L5 
15 L5 
l. 07 300 300 
300 300 
300 300 
-0.48 
0 0 
-0. ') 2 
0 2 
0 
-0.48 
0 0 
2.72 
0 
-0.48 
0 0 
1976 1977 1980 1983 1985 1990 
Consumptive Consumptive Consumptive Consumptive Consumptive Consumptive 
Use Use Use Use Use Use 
20 25 50 70 
LO L5 35 50 
0 5 20 20 
L5 20 25 30 
5 L5 20 25 
0 0 5 5 
5 5 
0 0 5 5 
5 5 
t5 L5 l5 L5 L5 L5 
L5 L5 l5 l5 L5 L5 
L5 L5 L5 L5 L5 L5 
300 300 300 300 300 300 
300 300 300 300 300 300 
300 300 300 300 300 300 
'''l5 
0 0 0 0 0 L5 
l5 
5 8 L5 L8 20 20 
5 7 to L6 20 20 
0 0 0 L2 20 20 
6 to LO 
0 0 0 3 5 LO 
3 5 LO 
5 L5 40 
0 0 0 0 l5 40 
0 0 l5 
5 8 LO lO 
0 0 5 5 5 LO 
5 5 5 LO 
.... 
N 
0' 
Table 11-7. Continued. 
Element Assumed Diversion ~ Model Input Specific Projects Salinity at Base Total Consumptive Use0 (increase in depletions at Diversion Year over base - 19730 (T/AF)@ (1973) 
l6/l5 Losses, Parker-PaloVerde 0 80 
l7/15 Losses, Palo-Vercle- 0 170 
Imperial 
L2/l5 Tributary inflow GLen- 2.68 
Hoover 
L8/L5 Demand at ImperiaL Darn 5849 
5849 
5849 
L VaLues for high, most probabLe, and low estimates are shown. 
2 '~,Model Input, Total Consumptive Use" indicates values used in computer runs. 
3 ';Specific Project" indicates supporting information. 
4 For type 13, salinity computed in study 
For thpe 15, salt added (-) or removed (t) from system per acre-foot as shown. 
5 Included in base flow. 
1974 1976 
Consumptive Consumpt ive 
Use Use 
80 80 
80 80 
80 80 
170 170 
170 170 
170 170 
Varies 
5853 5860 
585L 5855 
5849 5850 
1977 1980 1983 1985 1990 
Consumplive Consumpt ive Consumptive Consumptive Consumptive 
Use Use Use Use Use 
80 80 80 80 80 
80 80 80 80 80 
80 80 80 80 80 
170 170 170 170 170 
170 170 170 170 170 
170 170 170 170 170 
with Virgin Flow 
5864 5875 5797 5745 5685 
5822 5725 5635 5575 5645 
58L6 57L5 5595 55L5 5605 
-
.... 
N 
-...) 
Table 11-8. Changes in base flow in irrigation with return flow: New acres irrigated and 
re suIting consum.ptive use. f 
ConsumptiVE Loading (73) 
- -
Elem%e 
ModeL Input Use Foctor Bose L974 L976 L977 L980 L983 L985 L990 
ArjA/y r/A/YR AF/Y A CU A CU A CU A CU A Cli A CU A CD 
4/14 j Wyoming New Irrigation (Lyman) l. 5 2.4 ® 3 5 5 7 7 to 7 LO 7 to 7 LO 
'0 0 3 5 5 7 7 LO 7 LO 7 LO 7 to 
0 0 0 0 7 LO 7 to 7 to 
; 
7 LO 
t 
4/14 5eedskadee (Wyoming} l. ') 2.4 ® 37 55 47 70 50 75 L23 L85 
0 0 0 0 0 0 0 0 0 0 3 5 7 LO 
0 0 0 0 0 0 0 0 
;;/l4 Animas-La PlatafColo. & NewIv~.) l.7 l.4 ® 26 45 65 lLO 
0 0 0 0 0 0 0 0 0 0 0 0 L8 30 
0 0 l2 20 
5/14 Bostwick Park (Colo) L.O 2.4 @ 5 5 5 5 5 5 5 5 5 5 5 5 
0 0 0 0 0 0 0 0 0 0 5 5 5 ') 
0 0 0 0 0 0 0 0 5 5 5 5 
5/L4 Dallas Creek (CoLo.) l. 5 2.4 ® 7 LO 7 LO 0 0 0 0 0 0 0 0 0 0 7 LO 7 to 
3 5 7 lO 
5/L4 Fruitland Mesa (CoLo.) lo7 0.3 @ Ll L8 L8 30 L8 30 
0 0 0 0 0 0 0 0 4 7 L2 20 L8 30 
0 0 6 to L5 25 
6/14 Savory Pot Hook (Colo. & Wyo. ) L.7 2.4 @ L5 25 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 
6/14 DoLores I CoLo. ) 2.5 2.4 @ 7 L8 L2 30 32 80 
0 0 0 0 0 0 0 0 2 5 6 L5 L8 45 
0 0 0 0 L2 30 
6/-l4 San MigueL (CoLo. ) 2. 5 2. 8 ® to 25 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 
7/14 Ute Indian - CUP (Utah) lo5 3.0 ® 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
I 
~ 
I 
I 
..... 
N 
00 
Table 11-80 Continued. 
iEleme% 
Type Model Input 
7/L4 I Jenson - CUP (Utah) 
7/14 Small Irrigation (Utah) 
7/14 Uintah Unit - CUP (Utah) 
8/14 Bonnevilte Unit - CUP- Upatco 
(Utah) 
8/14 Hogback (N. Mex. ) 
8/14 Navajo Irrigation IN. Mex. ) 
14/14 Chemehuevi 1. R. 
14/14 Ft Mojave 1. R. (Ariz. & CaL.) 
16/l4 Colorado River I R. (Ariz. & CaL. ) 
t7/t4 Palo Verde Irrigation District 
(Cal. ) 
~onsumptive Loading (73) 
Use Factor Base 
A FfA/Y T/A/YR AF/Y 
l. 5 3.0 ® 
1. S 3.0 ® 
t. 5 3.0 ® 
L 5 3.0 @ 
2. 5 O. 3 ® 
2. 5 3.5 ® 
4. 5 O. 5 0 
4. 5 0.5 0 
4. 5 0.5 290 
4. 5 O. 5 475 
1974 1976 1977 
A CU A CU A CU 
0 (l 0 0 0 0 
2 3 7 to 9 t3 
2 3 7 to 9 13 
0 0 0 0 3 5 
0 0 0 0 0 0 
4 6 
0 0 0 0 0 0 
0 0 
2 5 2 6 
0 0 2 5 2 6 
0 0 I 3 
20 45 27 61 
0 0 0 0 0 0 
0 0 0 0 
.5 2 1 4 
0 0 .25 1 .5 2 
0 0 0 0 
0 0 0 0 0 0 
70 313 80 360 84 379 
69 3LO 78 350 82 368 
68 308 77 345 81 364 
L05 475 105 475 1105 475 l05 475 105 475 105 475 
L05 475 105 475 105 475 
1980 L983 L985 t990 
A CU A CD A CU A CU 
7 to 7 LO 7 to 7 LO 
7 to 7 to 7 LO 7 LO 
0 0 0 0 0 0 7 LO 
13 20 t3 20 t3 20 20 30 
l3 20 13 20 t3 20 l3 20 
t3 20 13 20 13 20 13 20 
4 7 13 20 20 30 
0 0 4 7 l3 20 20 30 
0 0 7 LO 13 20 
17 25 17 25 17 25 13 20 
0 0 0 0 0 0 7 10 
0 0 0 0 0 0 0 0 
4 to 4 10 4 to 4 to 
4 to 4 to 4 LO 4 LO 
4 to 4 LO 4 10 4 to 
48 LlO 73 167 89 205 ao 255 
37 85 60 l48 83 L90 105 240 
26 60 37 84 43 LOO 65 L50 
2 to 2 lO 2 to 1 5 
1 5 2 5 1 5 ' 1 5 
l 5 L 5 1 5 ~ 1 5 
6 25 7 31 8 35 14 65 
3 l5 5 21 6 25 14 65 
0 0 0 0 0 0 14 65 
97 435 L06 477 tt2 505 Ll4 515 
93 420 L04 468 ttL 500 114 5L5 
93 420 L03 465 no 495 Ll4 515 
105 475 105 475 105 475 l05 475 
105 475 105 475 105 475 105 475 
105 475 105 475 105 475 l05 475 
.... 
N 
'" 
Table 11-8. Continued. 
ElemeY;ype Iconsumpfive Loading (73) 
ModeL Input Use Foclor Base 
AF/A/Y T/t/YR AF/Y A 
L7/l4 MisceLLaneous Lower Basin 4. 5 O. 5 ® 
Irrigation 0 
l VaLues for high, most probable, and low estimates are shown. 
water removed from system = consumptive use (LOOO AF /y) 
salt change = (new irrigated acres) x (load factor) 
area = 1000 acres 
water = LOOO acre feet 
2 Included in base year flow. 
1974 L976 
CU A CU 
3 L5 
LO 0 2 
-20 
-5 
-
L977 L980 L983 L985 L990 
A CU A CU A CU A CD A CD 
4 20 8 35 5 23 3 l5 
L 5 -2 -LO -4 -19 -6 -25 0 0 
-7 -30 -l3 - 60 -15 -66 -l6 -70 
..... 
v.> 
o 
Table 11-9. Salinity control projects. 
~ Model Input 1974 Type water sal.t 
9/l5 Paradox Valley S. C. IColo.)@ 
9/l5 Grand Valley S. C. (Colo.) @ 
9/L5 Crystal Geyser S. C. (Utah) ® 
9/15 Glenwood-Dotsero S. C. 
9/l5 Lower Gunnison Basin S. C. 
ICoLo. ) 
9/l5 Uintah Basin S. C. (Colo.) 
9/l5 Big Sandy S. C. 
9/l5 Price River S. C. (Utah) 
9/15 San Rafael S. C 
9/t5 Dirty Devil S. C. 
lOft 5 McElrno Creek S. C. 
1976 1977 
water salt water sa lt 
1980 1983 
water salt water salt 
7 180 7 180 
7 180 7 180 
7 180 7 180 
100 135 
0 100 0 135 
40 70 
0 3 0 3 
0 3 0 3 
0 3 0 3 
2 toO 
2 lOO 
0 0 
l50 240 
0 l50 0 240 
0 150 
50 lOO 
0 50 0 LOO 
20 50 
1985 1990 
water sa lt water salt 
7 180 7 180 
7 180 7 180 
7 180 7 180 
165 200 
0 165 0 200 
100 200 
0 3 0 3 
0 3 0 3 
0 3 0 3 
4 200 4 200 
4 200 4 200 
0 0 4 200 
300 300 
0 300 0 300 
210 300 
toO LOO 
0 LOO 0 LOO 
80 LOO 
1 20 2 80 
1 20 2 80 
0 0 2 50 
l5 lOO 
[5 lOO 
5 50 
15 80 
15 80 
5 50 
15 80 
t5 80 
5 30 
[0 40 
[0 40 
3 15 
-w 
..... 
Table II-9. Continued. 
ELement 
Model Input 1974 1976 
Type water saLt water 
LO/15 NPDES S. C. 
to /L5 Othe r Sa linity ControL 
L3/L5 Laverkin Sp. S. C. (Utah) 
L3/L5 LittlefieLd S. C. 
L3/L5 Las Vegas Wash S. C. ® 
(Nevada) 
L3/L5 Dixie Project S. C. 
L6/15 Colorado River 1. R. S. C. 
0 
L7/15 PaLo Verde Irrigation District 
S. C. (CaLifornia) 
l Values for high, most probabLe, and Low estimates are shown. 
2Initial stage salinity control programs. 
saLt 
1 
L 
0 
L977 L980 
water saLt water saLt 
4 52 
4 52 
0 0 
2 5 
0 2 0 5 
0 0 
23 
0 23 
5 
L983 L985 L990 I 
water saLt water saLt water sa Lt 
2 50 2 t03 2 L03 
2 50 2 t03 2 L03 
0 0 0 0 2 to3 
4 L7 4 L7 
4 L7 4 l7 
0 0 4 L7 
7 L3L 9 L3L 15 l3L 
7 L3L 9 l31 l5 13L 
4 35 6 55 9 L05 
7 7 7 
0 7 0 7 0 7 
4 5 7 
23 23 23 
0 23 0 23 0 23 
lO 15 23 
Below Hoover Darn 
Below Parker Darn 
Imperial Darn 
723 (mg /1) 
747(mg/l) 
879 (mg /1) 
o. 983(T /AF) 
1. 02 (T /AF) 
1. 19 (T /AF) 
These criteria are based on the flow-weighted average annual 
salinity for the year 1972 at the three downstream stations, and 
the flow-weighted average salinity for the year 1970 at Lee Ferry. 
Because of Lake Mead, there is a 2-year lag between salinity 
changes at Lee Ferry and corresponding changes at the downstream 
stations. Accordingly.9 the 1970 data at Lee Ferry are compatible 
with the 1972 data at downstream stations. 
The report recognizes that there are so many natural and 
manmade factors affecting the river I s salinity as to limit the 
practicability of assuring that the river I s salinity will be below 
the adopted numeric criteria at all times and at the key lower 
main stern locations. The December 1974 EPA regulation recog-
nizes this fact by allowing for temporary increases in salinity 
above the adopted numeric criteria. The study concludes that 
the average salinity will be kept below the numeric criteria at 
the following lower main stern stations in the next 15 years under 
the following water supply and depletion rates: 
Hoover Darn - Virgin flow at Lee Ferry of 14,000 TAF /y 
or more with low or moderate depletion 
rates. 
Parker Darn - Virgin flow at Lee Ferry of 14, 000 T AF /y 
with low depletion rate or 15,000 TAF /y or 
more with low or moderate depletion rates. 
Imperial Darn - Virgin flow at Lee Ferry of 14, 000 TAF /y 
with low depletion rate or 15, 000 T AF /y or 
more with a moderate depletion rate. 
Model run as sumptions include "no salt return" for electrical 
generating station cooling, coal gasification and coal development 
industries, and the oil shale industry; reformulation of three 
authorized Upper Basin water development projects (Animas-
La Plata, Dolores, and Dallas Creek); and the 16 salinity control 
projects specified in Title II of PL 93-320. 
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Approach to Analysis of Impacts of PL 92-500 
on Basin-wide Salinity 
To address the salinity issue in proper perspective and con-
text requires a basin-wide treatment of many of its aspects. Three 
primary salt contributing sources will be considered under this 
aspect of the study, namely, irrigated lands, all non-irrigated 
lands, including forested and range lands, and mineral springs. 
Salinity contributions to the river system from the irrigated and 
non-irrigated lands are mainly diffuse in nature, while mineral 
springs might be regarded as being point sources. The principal 
focus is the impact of PL 92-500 on irrigated agriculture, con-
sidering also the contributions of the natural system. Attention 
in the impact analysis is directed toward: 
1. Technological possibilities (levels of control) and im-
pacts on salinity conditions. 
a. Agriculture - basin-wide consider~Jion of the im-
pacts of levels of irrigation control throughout the basin 
b ~ Ener gy - ener gy development level's and impacts 
on system salinity of the probable total containment policies 
c. Combined system effects - combinations of levels 
of agriculture and energy development with various levels 
of salinity controls 
2. Economic and social impacts. 
3. Ins titutional impacts. 
General Approach and Study Procedures 
The procedures used in the basin-wide aspect of the study 
are outlined in flow chart form by Figure II-II. Because of the 
wide variation in conditions throughout the basin, a character-
ization of both natural and irrigated land areas is made on a sub-
basin-by-subbasin basis. For agriculture this includes irrigation 
methods, land topography, general crop varieties, soil and geo-
logic characteristics, streamflow patterns, and drainage facilities 
133 
Characterize natural 
and non-irrigated 
land areas 
1 
.. 
Interpretive analyses of the physical 
impacts associated with assumed le-
vels of control or system management 
(based upon certain assumptions about 
the system) performed for each of 
designated subbasins within the eRB 
Apply a one -dimensional stream 
model to the entire river basin 
I 
Accumulate predicted physical man-
agement impacts and transfer 
these to specific locations within 
the basin (model runs) 
Characterize irrigated 
land areas 
... .. 
-
1 
.... 
, 
Apply a high resolution 
model to each of 
three selected sub-
basins (model runs) 
Evaluate economic and institutional impacts resulting 
from physical effects of management alternatives for 
specific irrigation control and treatment options 
Figure 11-11. Flow diagram for assessment of physical impacts 
associated with salinity in the Colorado River. 
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(if any). In addition, certain basic assumptions are developed 
concerning the water and salt flow systems. 
Impact Analysis 
In order to integrate the estimates of the subbasin interpre-
tive analyses, basin-wide investigations were conducted through 
which predicted changes in irrigation return flow controls were 
examined within the variability ranges of the entire system. 
Impact evaluations were then made of effects on the physical 
system in terms of the specific control options (previously defined). 
Economic assessment of control options was based on an estimated 
cost of technology required to implement specific control pro-
cedures. Benefits are described primarily in terms of damage 
costs averted by downstream users. 
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CHAPTER 2 
DATA DEVELOPMENT AND PROCEDURES FOR ANALYSIS 
OF THE EFFECTS OF IRRIGATION CONTROLS AND 
ALTERNATIVE DEVELOPMENT FUTURES 
CHARACTERIZATION OF NATURAL AND 
A GRICULTURAL SYSTEMS AND SALIN-
1Ty CONTROL OPTIONS 
Introduction 
The total amount of salt in the Colorado River system can be 
attributed essentially to natural and agricultural sources. The 
sources of salinity are divided into two broad categories: point 
sources and nonpoint or diffuse sources. Point sources are 
reasonably well defined and control can be limited to a relatively 
small area, such as a small watershed, saline springs, drainage 
ditches, and tile outlets. Diffuse salinity sources are associated 
with large areas and are correspondingly ill-defined since they 
include all sources that are regarded as nonpoint. Natural diffuse 
sources incorporate vast areas of wildland watersheds within the 
Colorado River Basin whereas agricultural diffuse sources include 
all irrigation return flow not collected and discharged in man-
made drainage systems or defined natural drainage ways. It is 
a matter of record that essentially all salinity, natural or agri-
cultural, finds its way into the Colorado River system from 
diffuse sources. 
Salinity of a given water system is the result of both salt-
concentrating effects and salt-loading effects. Concentrating 
effects are produced by evaporation, diversion of high quality 
water from the basin, and consumptive use by natural vegetation 
along a waterway and irrigated agricultural crops. Of these 
effects, the consurnptive use of pure water and the accumulation 
of residual salt in the root zone is the most important. The 
residual salts are then transported by percolating water to some 
surface waterway. 
Salt loading occurs through the addition of dissolved solids 
from natural and man-made sources. Of most importance is the 
dissolving of indiginous residual salt and minerals in the soil as 
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applied irrigation water or precipitation moves through the matrix. 
This salt-loading mechanism is a continuous weathering process 
over which man has limited control. The application of irrigation 
water has the effect of increasing the rate of m.ineral solubilization 
(weathering) over that which would occur naturally in a given region. 
The compounds undergoing weathering range from. highly soluble 
evaporites to relati vel y insoluble feldspa rs. 
The relative im.portance of the concentrating and salt-loading 
effects upon the salinity of the Upper Colorado River has been 
estimated by Hyatt et al. (1970). This reference indicates that 
approxim.ately 2. 8 tiInes more salinity in the basin can be attri-
buted to salt-loading than to the concentrating effects. All previous 
studies have indicated that natural diffuse and point sources are a 
m.ajor source of salinity in the Colorado River Basin. Man-induced 
salinity, in the form. of irrigation return flow, however, has con-
siderable impact on water salinity in localized areas, such as the 
Grand Valley, Colorado, and Palo Verde, California. However, if 
salinity originating in the natural watersheds could be eliminated, 
the salinity problem in the Colorado River would be m.inimal. 
The underlying concept in explaining salt production in a 
natural watershed is em.bodied in the term "baseline salinity. II 
The baseline salinity of a given subbasin reflects the natural hydro-
geochem.ical cycle that operates within its boundaries. The cycle 
cannot be altered by m.an. Each watershed has a natural baseline 
salinity value express ed as tons of salt/ acre/ year which reflects 
the nature of the basin geology, the types of soil and rock through 
which water percolates, the vegetative cover, transport tim.ing, 
m.atrix perm.eability, and the solubility of geologic formations. 
Natural baseline salinity is an integrated function which as signs 
the total salt load originating in a subbasin uniformly on a unit 
area basis. The natural baseline salinity value for a basin is 
r elati vel y constant with time but, becaus e the sourc e of salt is 
related to chemical weathering of the earth! s surface, the values 
can be expected to decrease over a long period of time (see 
PAR T FOUR, Appendix 11- B). 
Data show that for any given subbasin wide fluctuations occur 
in the salt concentrations of tributary streams on a month-to-
m.onth or year -to -year basis. This concentration variability is 
related to the amount of water that moves through the groundwater 
system. in any given time period. This water, which is the 
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infiltrated rainfall, originates in the upper regions of the subbasin 
and acts as both a solvent in geocheITlical weathering as well as 
the transport ITlediuITl for soluble residual salts. 
The salinity yield of the Colorado River and its various sub-
basins has been tabulated (Bureau of ReclaITlation, 1975). Thes e 
data show wide fluctuations in the salt concentrations of the river 
and its tributaries from ITlonth to month and year to year. The 
concentration is related to the leaching fraction which is a ITleas-
ure of the quantity of water percolating through the soils and rocks 
thus bringing the salinity to the tributaries and ITlain steITl of the 
ri ver. When the leaching fraction is low, the salt concentrations 
are high and conversely when the leaching fraction is high, the 
salt concentrations are low. However, as shown by the 10 year 
moving averages of tons of /?alt produced, the total salt load at 
an y point in the rive r s ysteITl tends to be ITlO re constant over tiITle 
than concentration levels at the saITle point. The change in salt 
concentrations relate to the leaching fraction, but the total salt 
is a tiITle related hydrogeologic function (see PAR T FOUR, Ap-
pendix II-B). 
The effect of proposed projects to augment precipitation in 
the Colorado River Basin by weather ITlodification would neces-
sarily result in decreased concentrations of salt in the streams, 
but because the natural baseline salinity is invarient, the total 
salt load would be relatively little affected. This situation would 
result because most of the precipitation which reaches the soil 
surface eventually infiltrates into the groundwater system rather 
than traveling overland to reach a surface stream. 
Salinity Sources by Subbasin 
Tables 11-10 and II-ll show the pertinent subbasin data used 
in both the one-dimensional stream flow and salt mass balance 
IDodel for salinity (SALT) and a two-dimension hydro-salinity 
IDodel (BASIM). These models have been used as tools to inves-
tigate the effects of irrigation management on salinity in the 
Colorado River Basin. The values given by the tables were taken 
from various published sources and represent t'best estiITlates lf 
from available data. In cases where no reliable data were avail-
able estimates by the authors were necessarily incorporated. An 
explanation of the columnar data given in Table 11-10 follows. 
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Table 11-10. Geologic, salt loading, and crop distribution characteristics: a 
Green Division - Upper Colorado River. 
. Average Salt and Water Pick- Up in Basin d Salt Pre-
GeologIc Added dieted 
Cg:racteristie~ Outflow (x 1000) Incremental (x 1000) (Tons / Salt 
0' OloglC Type. ac. of Load-
, t Subbasin Name (/0 of Total Subbasm) Salt Concen. asin! ing 
Ton Ton/ac-ft yr) Fbten-
tial 
No. 
I 12 
Crop Distribution e 
of lrrig. Land 
i\IBICIDIE 
---+----------------------+~I~I~I ~I~I ~I~I~I--+---~--T__i r-T--
uG I I New Fork River Basin 
c'G 2 1 Green R,ver above LaBarge, Wy. 
UG 3 Green River above Fontenelle Reservoii" 
DG 4 Big Creek Ba SIn 
lJG 6 I Green River above Green River, Wy. 
liG 7 I Black Fork River Basin 
Green River above Flan1ing Gorge Dam 
\. L,9 I Little Snake R,,'er Basin 
l;G 101 Yampa River Basin 
tiC 111 Gr! .. :en RIver above Jensen, Utah 
U G I Z I Ashley Creek Basin 
UG 13 Duchesne Ri"er above Duchesne, Utah 
DG 141 Duchesne River above Randlett, Utah 
DG 15 White River Basin 
401 791520 10.162 791 52010.152(UGI) 40
1
20 
107015151515 31011140 10.272 12311 62010.120(I'GZ) 
15150110110 
10 85 I 1
519 
5 87 
5110 1140 
3S 
0.2,80 
2.43 
15 60 25 
15 50 15 
494 I 1170 I 0.422 
5 55 213 
lO 60 20 
5 15 53 
5/40 I 5 
151 19b1 233 
30 765 1435 
zis In 400 
21518 310 IllS 
20 \25 1222 2932 
51
10 
140 11 0 I 5 110 
5 60 5 lO 5 5 
20 I 77 43 
10\178 \ 28S 
0.841 
0.533 
0.2'12 
0.278 
0.416 
1. 79 
0.624 
87 
88 
0.008(UG3} 
3512.48 (l'G4) 
0.76 (UG3 -t UG4) 
1961 233 0.84] IUG7) 
75 320 O. 0411LGb ,'eG71 
117 400 0.292 (C C91 
310 lllS 0.278IUGIO) 
30 I - O. all (uG8+UG9+UGI 0) 
77 43 1. 79 (lJ GI 2) 
178 28S 0.6Z4 (UGI3) 
5155 5110 2514501 362 I 0.981 1272 77 13. Cd IUGI4) 
5150 120 1 31 2110110 3451 498 1 0.090 13451 49810.090(UGI51 
O. 10 
O. 16 
0.015 
0.084 
0.040 
0.099 
0.052 
O.OSl 
O. 135 
0.015 
0.312 
O. 164 
0.192 
O. 134 
L 
lV' 
L 
L 
L 
L 
L 
M 
L 
M 
M 
M 
M 
100 
100 
100 
100 
20 1 80 
50 I 50 
,0 I 70 
t 0,' 
30 1/0 
100 
)G I I) 
8S \ 10 
40 30 130 
40 60 
UG 16\Price River Basin 11015160125 248 72 3.44 248 72 3.44(UGI6) 0.258 M go 10 
DC 17 Green River above Green River, Utah 2405 3945 O. (;[0 91 o.023(l,:GlJ+UGI2+CGI4-rllGI5+! GI61 0.026 L 00 
DG 18 San Rafael River Basin, Green River, Ut. 243 110 2.21 243 110 2..21 (DGI8) 0.227 M 100 
a See footnotes on San Juan division page of this Table. 
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Table 11-10. Geologic, salt loading, and crop distribution characteristics (Continued): a 
Grand Division - Upper Colorado River. 
Geologic Average Salt and Water Pick-Up in Basin d Pre-
r:haracteristics Salt dicted I Crop Distributione 
Geologic Type c Outflow (x 1000) IncreIYlental (x 1000) Added Salt "70 of lrrig. Land (Tonsl Load-
Sub- b 
(% of Total Subbasin) 
Concen. ac. of ing Salt I Water Salt Water Coneen. basin Subbasin NaIYle 
Ton ac-ft Toni Ton/ac-ft Basinl Poten- 1 No. I 2 3 4 5 6 7 8 ac-ft Ton ac-ft AIBICIDIE yr) tial 
UM I Colorado River above Hot Sulphur Springs I 30 15 60 19 160 0.118 19 160 0.118(UMI) 0.035 L 100 
UM 2 Eagle River Basin 20 45 10 25 203 441 0.460 203 441 0.460(UM2) 0.330 M 100 
UM3 Colorado River above Glenwood Springs 15 10 10 5 25 15 20 610 1690 0.360 388 1089 -0.009(UMI t UM2) 0.219 M 100 
UM4 Roaring Fork River Basin 15 30 25 25 305 883 0.345 305 883 0.345(UM4) 0.328 M 10 80 10 
UM5 Colorado River above Plateau Creek 5 f45 20 5 3 15 5 2 1540 2860 0.538 625 287 O. 182(lJM3 tUM4) 0.473 H 70 25 
UM 6 Plateau Creek Basin ~O 10 10 48 135 0.355 48 135 0.355(UM6) O. 124 M 100 
UM 7 TOIYlichi Creek Basin 10 15 30 40 127 636 O. 199 127 636 0.199(UM7) 0.098 L 
- 11'00 UM8 Gunnison River above North Fork O.111ni80n 10 20 5 50 15 160 855 O. 187 33 219 -0.012(UM8) 0.022 L 30 20 50 
rM9 Uncomphagre River Basin 30 30 25 S 580 325 I. 78 580 325 1.78(UM9) 0.817 H 80 20 
UM 10 Gunnison River above Grand Junction 2 24040 1647 1725 0.954 907 545 O. 32b(UM8 t UM9) 0.5G? H 00 
UM II Colorado River above Colorado-Utah Line 2 15 55 28 4202 4545 0.924 967 175 O. Z39(UM5 t UMb.;- UMI 0) I. 300 V.H. 80 20 
UM 12 Dolores River Basin 35 40 5 10 5 120 255 0.470 120 255 0.470(l'MI2) 0.041 L 25 I 75 
UM 13 Colorado River above Cisco, Utah 5 30 f45 10 10 4713 5173 0.411 491 373 O.031(UMII +UMI2) 0.437 H 90 10 
UM 14 Colorado River above Lee's Ferry, Ariz. 25 45 5 15 10 8570 10880 0.787 199 -258 O. 035(UMI 3tUS7 tUGI7+UGI8) 0.017 L 65115120 
a 
See footnotes on San Juan division page of this Table. 
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Table 11-10. Geologic, salt loading, and crop distribution characteristics (Continued): 
San Juan Division - Upper Colorado River. 
Geologic 
Characteristics 
Average Salt and Water Pick-Up in Basind 
:::i:
C Salt Geologic Type C Outflow (x 1000) Increment (x 1000) Crop Distributione Subbasin Name Added Predicted (% of Total Subbasin) o/c of Irrig. Land No. Concen. (Tons lac. Salt Salt Water Salt Vater Concen. TonI of Loading 1 2 3 4 5 6 7 8 Ton ac-ft 
ac-ft Ton ac-ft Ton/ac-ft Basin/yr) Potential A B C D E 
US 1 San Juan River above Arboles 5 260 3 
US 2 San Juan River above Archuleta, N. M. 54030 5 
US 3 Animas River Basin 5 25 15 3 220 
US 4 San Juan Rive r above Farmington 5 90 5 
US 5 La Plata River Basin 5 90 5 
US 6 San Juan River above Shiprock 2 1085 3 
US 7 San Juan River above Bluff, Utah 3 6 10 4025 
bU. G. -5 is a closed basin and is not included in the analysis . 
cFrom (1) Iorns et al., 1964 
(2) Iorns et al., 1965 
(3) Geologic maps of Arizona, California, and Nevada. 
Description of geological classifications used: 
15 
30 81 505 
8 12 197 982 
1020 246 628 
530 1619 
30 20 
680 1665 
1 1010 1910 
0.160 81 505 0.160 (US I) O. 102 M -
0.200 116 477 0.040 (US 2) 0.089 L 20 40 
0.391 246 628 0.391 (US 3) 0.283 M 10 45 45 
0.327 87 9 O. OSI (US 2 + US 3) 0.052 L 15 50 15 
1. 50 30 20 1.50(OS5) 0.080 L 
-
5 60 35 
0.408 120 26 0.66 (tJS4 + US5) 0.037 L - 30 60 J 0 
0.528 330 245 0.120 (US 7) 0.051 L 
-
30 , 70 
I 
(1) Unconsolidated continental deposits: Fluvial and glacial fluvial deposits beneath and bordering streams terraces. Includes pediment gravels and sand dunes. 
(2) Continental rocks: Lacustrine deposits of shale, siltstone, fire-grained sandstone. Includes the Wasatch, Green River, Uintah and Bridges formations. 
(3) Continental and marine rocks: Shale and sandstone. Includes the Mancos, Mesa Verde, and related formations. 
(4) Predominantly continental rock: Massive quartzose sandstone, interbedded sandstone and mudstone, and conglomerate. Includes Glen Canyon, San Rafael 
groups, Morrison and Dakota Formations. 
(S) Continental and marine rocks: Mudstone, siltstone and shale, conglomerate. Includes Moenkopi and chinle formations. 
(6) Marine rocks: Limestone, quartzite, shale, and evaporites with quartzose sandstone. Includes the Leadville, He rmosa, Cutler, Weber and related formations. 
(7) Igneus rocks: Volcanic and intrusive basalt, andesite, diorite, and others. Includes lava flows and related ejectamenta and intrusive laccoliths. 
d (8) Igneous and metamorphic rocks: Schist, granite greiss, granite, and granite permatite. Forms the basement complex upon which Units 7 to 1 rest. 
From (1) Hyatt et aI., 1970 
(2) U. S. G. S. flow and water quality records. 
(3) U. S. Bureau of Reclamation, Quality of water in the Colorado River Basin, Progress Report No.7, 1975. 
e From a map 'orepa red by the U. S. Bureau of Reclamation on generalized climate-income zones for irrigated agriculture, 1967. 
Zone Income Potential 
A \'ery high 
B High 
C Medium 
D Low 
E Very low 
Example of Crop 
Subtropical Iy specialty 
Cotton, sorghum, truck crop 
Field crop, fruit, truck crop 
Forage, small grains 
Hay, pasture 
00 
40 
20 
...... 
~ 
tV 
Table 11-10. 
Sub-
Geologic, salt loading, and crop distribution characteristics (Continued): a 
Lower Colorado River Basin. 
Geologic Average Salt and Water Pick- Up in Basin
d 
Salt Characteristics Outflow (x 1000) Increment (x 1000) Added Predicted Crop Distribution 
basint Geolo gic Type c Subbasin Name (% of Total Subbasin) (Tons/ac. Salt ~; of Jrrig. Land No. 
Salt Water Concen. Salt Water Coneen. of Loading 
e 
Ton/ Basin/yr) Potential 1 2 3 4 5 6 7 8 Ton ac-ft ae-ft Ton ae-ft Ton/ac-ft A B C D E 
Main Stern 
LM 1 Colorado River above Grand Canyon, Ariz. 5 20 30 30 10 5 9076 10803 0.840 505 -77 0.053 (LM 1) 0.146 M 100 -
LM2 Virgin River above Littlefield, Arizona 5 15 60 30 349 156 2.24 349 156 2.24 (LM 2) 0.122 M 60 40 -
LM 3 Muddy River Basin below Hoover Darn 45 10 45 115 33.5 3.42 115 33.5 3.42 (LM 5) 
- L - 30 60 10 
LM4 Colorado River above Hoover Darn 10 15 145 15 15 9862 10501 0.939 437 -458 0.078 (LM 1+ LM 2) 0.065 L 100 -
LM5 Bill Williams River above Alamo 15 5 10 30 4054.8 66.9 0.82 54.8 66.9 0.82 (LM 5) L 100 -
LM6 Colorado River Hoover to Parker below 50 25 25 8990 9544 0.941 -872 -957 0.002 (LM 6) - L 100 -
Parker Dam 
LM 7 Colorado River Parker to Imperial below 70 10 20 9155 8889 1. 03 165 -655 0.089 (LM 7) 0.040 L 45 55 -
Imperial Darn 
LM8 United State s- Mexico Border 80 5 15 - - - - 90 10 -
Little Colorado River 
LL 1 Little Colorado River above Hunt 2030 20 30 5.2 10.4 0.50 5.2 10.4 0.50 (LL 1) 0.0012 L 90 10 -
LL 2 Little Colorado River above Holbrook 15 15 40 5 15 10 58.3 97.1 0.60 53.1 86.7 0.10 (LL 2) 0.014 L 90 10 -
LL 3 Little Colorado River above Cameron 10 10 15 10 30 10 5 10 116.3 171.0 0.68 58.0 73.9 0.08 (LL 3) 0.0062 L 60 40 -
a See footnotes on San Juan division page of this Table. 
H::... 
w 
Table II-II. 
Total b 
Total b Irri-
Sub-
basir. Subbasin gated Area Area No. (Acres Acres 
x 1000) 1000) 
UG 1 787.2 52.4 
UG 2 1490.8 116.0 
UG 3 602 4.3 
UG4 1030.4 21.4 
UG 6 2330.24 1.8 
UG 7 1984 77.4 
UG 8 1440 28.0 
UG 9 2304 25.7 
UG 10 2304 79.4 
UG 11 1984 5.4 
UG 12 247.04 27.4 
UG 13 1088 17.9 
UG 14 1420.8 175.0 
UG 15 2572.8 34.8 
UG 16 968 19.6 
UG 17 3439.36 20.0 
UG 18 1068.8 39.3 
Total 27053.44 711. 8 
Agriculture and irrigation characterization, and salinity management potential: a 
Green Division - Upper Colorado River. 
Present Current 
c Estimated Baseline Salt 
Irrigation 
c Irrigation Method Salt ,Ag. Base 
(% of Total) Av.d % Loading Salinity Leaching Mgt. % of Water Source c 
Diversionsd Factors Poten-Subbasin Canal Data Annual Irri- by Factor 
% % Furrow ac -ft/ac /yr Crop Eff. gated C Agric. (Tons/acre/yr) (Tons/ tial Area 
Irrigated Ground- Sur- Length % 0/0 IFlood Sub and Spkl ET Land (Ton/ ac/ft. ) 
water face (miles) Lined Unlined Ditch (feet) Inrained year) Natural Agric. 
0.65 5.0 95.0 130 3 97 54 2 40 4 5.0 1. 10 0.22 4.0 20.7 0.074 0.39 0.10 M 
7.78 5.0 95.0 280 3 97 54 2 40 4 3.5 1. 20 0.34 4.0 60.07 0.11 0.52 0.23 M 
0.71 5.0 95.0 lO 3 97 54 2 40 4 3.4 1.6 0.47 4.0 4.8 0.007 1.11 0.62 L 
4.67 5.0 95.0 60 3 97 54 2 40 4 3.7 1.7 0.46 4.0 32.6 0.053 1.52 0.76 M 
0.077 10.0 90.0 - 3 97 54 2 40 4 6.0 1.3 0.22 4.0 68.9 0.008 38.3 8.15 L 
3.9 5.0 95.0 200 3 97 54 2 40 4 2.2 1.5 0.68 4.0 26.3 0.09 0.34 0.49 L 
1. 94 5.0 95.0 75 3 97 54 2 40 4 3.9 2.0 0.51 4.0 9.3 0.046 0.33 0.175 L 
1.1 10.0 90.0 65 3 97 54 2 40 4 5.2 1.9 0.36 4.0 18.6 0.043 0.72 0.22 M 
3.44 10.0 90.0 425 2 98 43 1 49 7 4.4 1.7 0.39 5.0 45.4 0.115 0.572 0.21 M 
0.27 5.0 95.0 45 0 100 43 1 49 7 5.2 2.2 0.42 5.0 17.3 0.006 3.21 1. 07 L 
11.09 0 100.0 205 0 100 45 1 46 8 3.3 2.0 0.61 10.0 20.6 0.228 0.75 0.58 L 
1.64 10.0 90.0 135 0 100 45 1 46 8 5. 1 2.0 0.39 5.0 26.2 0.14 1.47 0.47 M 
12.3 10.0 90.0 1065 0 100 45 1 46 8 4.1 2.0 0.49 5.0 125.8 0.103 0.72 0.34 L 
1. 35 5.0 95.0 187 2 98 43 1 49 7 6.0 2.1 0.35 5.0 66.2 0.108 1. 90 0.488 M 
2.0 0 100.0 145 0 100 45 1 46 8 3.5 2.2 0.63 5.0 44.9 0.210 2.29 1.76 M 
0.58 5.0 95.0 150 0 100 45 1 46 8 3.8 2.0 0.53 5.0 43.1 0.014 2.16 1. 20 M 
3.67 0 100.0 300 0 100 45 1 46 8 4.0 2.0 0.50 5.0 71.5 0.16 1. 82 0.91 M 
2.631 ave. 0.41 i 702.3 0.99 
a See footnotes on San Juan division page of this Table. 
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Table II-II. 
b 
b Total 
Total Irri-
Sub- Subbasin gated 
basin Area Area 
No. (Acres (Acres 
x 1000) x 1000) 
UM 1 536.32 23.9 
UM2 612.48 22.0 
UM 3 1769.6 73.5 
UM4 928.64 29.5 
UM5 1320.96 54.7 
UM6 386.56 21. 9 
UM7 1299.2 54.9 
UM8 1470.32 62.8 
UM9 710.40 104.2 
UM 10 1594 39.6 
UMII 740.48 86.0 
UM 12 2931. 2 43.2 
UM 13 lI23.84 2.7 
UM 14 11961. 60 44.3 
Total 27385.6 663.2 
Agriculture and irrigation characterization, and salinity management 
potential (Continued): a 
Grand Division - Upper Colorado River. 
Present 
Irrigation c Irrigation Method d 0/0 i<'stimated Current \Ag. Base c (0/0 of Total) Av. Salt Baseline 0/0 of Water Source Canal Data Diversion~ ~nnual Irri-c Loading Salinity fLeaching Subbasin gated Factor 
!Furrow Crop Eff. by Factors Area 0/0 0/0 ac-ft/ac/yr ET Land Agric. (Tons/acre/yr) (Tons/ Irrigated Ground- Sur- Length 0/0 0/0 flood Sub and Spkl Jorained ac/ft. ) 
"\vater face (miles) Lined Unlined Ditch (feet) (Toni 
year) Natural Agric. 
4.45 5.0 95.0 195 6.5 93.5 43 1 49 7 4.0 1.3 0.32 5.0 4.8 0.026 0.20 0.074 
3.59 5.0 95.0 180 6.5 93.5 43 1 49 7 7.5 2.0 0.27 5.0 40.5 0.265 1. 84 0.335 
4.15 10.0 90.0 605 6.5 93.5 43 1 49 7 5.2 1.9 0.36 7.0 64.0 0.183 0.87 0.26 
3.17 5.0 95.0 240 6.5 93.5 43 1 49 7 5.0 2. I 0.42 5.0 25.3 0.30 0.86 0.30 
4.14 5.0 95.0 450 6.5 93.5 43 1 49 7 2.8 1.7 0.60 10.0 85.4 0.41 1. 56 1. 42 
5.66 5.0 95.0 180 6.5 93.5 43 1 49 7 3.2 2.3 0.72 10.0 4.6 0.112 0.21 0.23 
4.22 5.0 95.0 370 1.5 98.5 43 1 49 7 6.4 1.3 0.20 5.0 36.0 0.07 0.66 0.129 
4.27 10.0 90.0 425 1.5 98.5 43 1 49 7 3.3 1.4 0.42 15.0 9.2 0.016 0.147 0.077 
14.66 5.0 95.0 707 1.5 98.5 43 1 49 7 9.1 2.3 0.25 5.0 322.7 0.36 3. 10 0.456 
2.48 10.0 90.0 265 1.5 98.5 43 1 49 7 7.0 2.4 0.34 20.0 200.9 0.44 5.07 1.10 
11. 6 0 100.0 2970 38 62 43 1 49 7 7.4 2.3 0.31 30.0 522.7 0.60 6.08 1. 19 
1. 47 5.0 95.0 115 0 100 43 I 49 7 3.7 2.2 0.60 25.0 18.7 0.035 0.43 0.29 
0.24 5.0 95.0 90 38 62 45 I 46 8 4.4 2.4 0.54 25.0 6.9 o.43J '.55 1. 28 
0.37 5.0 95.0 1505 38 62 45 1 46 8 3.9 2.0 0.51 2.0 32.5 0.014 0.74 0.34 
2.42 1,374.76 2.07 
-'-- -
a See footnotes on San Juan division page of this Table. 
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Table 11-11. Agriculture and irrigation characterization, and salinity management 
potential (Continued): 
San Juan Division - Upper Colorado River. 
b Tota? Irrigation
c Irrigation Methodc 
Total Irri- "10 of Water Source Canal Data
C (% of Total) 
Subbasin Sub- Area gated Subbasin basin (Acres Area Area % % 
No. Acres Irrigated Ground- Sur- Length % % Flood Sub 
x 1000) 
x 1000) water face (miles) Lined Unlined 
US 1 787.2 11.8 1. 49 0 100 115 4 96 43 1 
US 2 1299.2 64.5 4.96 5 95 615 4 96 43 1 
US 3 870.4 33.3 3.82 5 95 320 4 96 43 1 
US 4 1676.8 12.3 0.73 5 95 120 4 96 27 0 
US 5 373.12 30.7 8.2 10 90 295 4 96 43 1 
US 6 3249.28 14.5 0.44 10 90 140 4 96 27 0 
US 7 6464.0 79.7 1. 23 15 85 460 2 98 27 0 
Total 14720 246.8 1. 676 
bFrom (1) Hyatt et al., 1970. 
(2) U. S. Water Resources Council. 
(3) Appropriate reports by water commissioners. 
c From U.S. Dept. of Commerce Census of Agriculture: Irrigation, 1969. 
dFrom (1) Salinity ForUIn Report, 1975. 
(2) Hyatt et al., 1970. 
(3) U. S. Dept. of Commerce Census of Agriculture: Irrigation, 1969. 
(4) Water commissioner reports. 
~urrow 
and 
Ditch 
49 
49 
49 
61 
49 
61 
61 
Spkl 
7 
7 
7 
12 
7 
12 
12 
... 
Av.d 
Diversionsd Annual Crop 
ac-ft/ac Iyr ET 
(feet) 
5.9 1.8 
4.0 1.7 
5.7 2.4 
4.7 2.6 
4.7 2.6 
5.3 2.7 
4.0 2.3 
ave. 
-
Present 
% Estimated Current Salt Baseline Irri- Ag. Base 
Eff. gated C Loading Salinity /-,eaching 
Land by Factors Factor 
Drained Agric. (Tons/acre/yr) (Tons I (Toni 
year) Natural Agric. ac/ft. ) 
0.3 5.0 6.8 0.094 0.578 0.141 
0.43 6.0 23.4 0.071 0.36 0.158 
0.42 8.0 33.1 0.245 0.99 0.30 
0.55 7.0 33.6 0.032 2.74 1. 30 
0.55 8.0 11.8 0.049 0.38 0.18 
0.51 5.0 44.0 0.023 3.03 1. 17 
0.57 4.0 79.3 0.039 1.00 0.59 
0.54 232.0 0.94 
-- '------
Salt 
Mgt. 
Poten-
tial 
L 
L 
L 
L 
L 
L 
L 
'-----
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Table II-II. Agriculture and irrigation characterization, and salinity m.anagem.ent 
potential (Continued):a 
Lower Colorado River Basin. 
- ---
- - --- - -
Present 
c c iEstimated Current 
Irrigation c Method Av. 0/0 Totalb c of Total) !Annual lrri- Salt Baseline Af!.. Base Water Source Canal Data Diversion~ c Loading Salinity Irri- % of Crop Eff. gated Leaching Sub- Subbasin ac-ft/ac/yr by Factors gated Subbasin ET Land Factor basin Area Furrow Agric. Tons/acre/yrl Area Area % % (feet) Drained (Tons I No. (Acres Flood Sub and Spkl (Toni (Acres Irrigation Ground- Sur- Length % % ac/ft. ) x 1000) 
x 1000) water face (miles) Lined /Unlined Ditch year) Natural Agric. 
Main Stern 
LM 1 3465 I ; 0 0.14 10 90 10 39 61 26 0 71 3 7.5 4.5 0.6 2.0 1.1 O. ]46 0.22 0.20 
LM2 2860 34.0 1. 18 5 95 85 39 61 45 I 46 8 4.5 3.0 0.67 5.0 57.6 0.102 l. 69 I. 13 
LM 3 6735 115.0 1. 70 20 80 200 39 61 70 2 24 4 6.0 4.5 0.75 5.0 27.4 0.013 0.24 0.16 
LM4 10675 10.0 0.09 60 40 20 39 61 26 0 71 3 7.5 4.5 0.60 3.0 
LM5 2076 10.0 0.48 60 40 55 37.5 62.5 26 0 71 3 7.0 4.5 0.65 10.0 10.0 0.022 1. 00 0.40 
LM6 5313 15.0 0.28 15 85 80 37.5 62.5 26 0 71 3 8.5 4.5 0.53 10.0 12.4 0.98 0.24 
LM 7 4090 169.0 4.88 10 90 350 37.5 62.5 26 0 71 3 8.5 4.5 0.53 90.0 165.0 - 0.98 0.24 
LM8 980 140.0 
--
0 100 765 37.5 62.5 26 0 71 3 8.5 4.5 0.53 90.0 
Total 35214 358.0 1. 50 273.5 0.76 
Little Colorado River 
LL 1 4130 12.0 0.29 50 50 100 15 85 26 0 71 3 6.9 4.0 0.58 3.0 1.9 0.0008 0.162 0.056 
LL 2 3780 10.0 0.26 50 50 80 15 85 26 0 71 3 6.9 4.0 0.58 2.0 9.9 0.011 0.99 0.34 
LL 3 9355 6.0 0.06 50 50 50 15 85 26 0 71 3 6.9 4.0 0.58 3.0 8.75 0.005 1. 46 0.50 
Total 17265 28.0 0.162 ave., 0.51 18.55 0.66 
a See footnotes on San Juan division page of this Table. 
eValues for LM 8 (below Imperial Dam) are not included in the totals on this line. 
I 
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For each subbasin in the Colorado River Basin the prominent 
geologic types were determined and the proportion of the total sub-
basin area occupied by each type was approximated. These esti-
rnates appear in columns 3 to 10 of Table 11-10. The data were 
abstracted frorn various maps published by the U. S. Geological 
Survey. This information was obtained to provide insight into 
the nature of the parent material of the soils that are found in each 
subbasin. The clas sification of the geologic type followed the 
scheme of Iorns et ale (1964). 
The next columns in Table 11-10 found in the section labeled 
IIAverage Water and Salt Flow" contain outflow data from Hyatt 
et al. (1970) and published U.S. Geological Survey and U. S. Bur-
eau of Reclamation records. These figures are the average of 
field data obtained in the respective subbasins. The incremental 
salt and water flow values are calculated from the outflow data and 
give the salt and water added by each subbasin or group of sub-
basins to the Colorado River. In some instances, an individual 
subbasin output could not be completely isolated and the incremen-
tal data given represent the contribution from a group of adjacent 
subbasins. 
The two columns labeled "Salt Added" and "Predicted Salt 
Loading Potential
" 
are related. The salt added was calculated by 
dividing the incremental salt flow from a subbasin by the total 
area of a subbasin; these values were then arbitrarily rated ac-
cording to their present salt loading potential. 
The major crop type section (last 5 columns Table 11-10) 
gives the major type of agriculture enterprise in each subbasin. 
Although the figures are approximate estimates taken from data 
supplied by the U. S. Bureau of Reclamation, the information gives 
some indication of irrigation practices, irrigation efficiencies, and 
expected crop evapotranspiration rates, as well as the agricultural-
economic base of each subbasin. 
Irrigated Agriculture Salinity 
Management Potential 
The columns listed as tlTotal Subbasin Area, II "Total Irri-
gated Area" and uPercent of Subbasin Irrigated" in Table II-II 
are data taken from Hyatt et ale (1970) and other sources cited 
147 
by the table. The colunms contain pertinent physical parameters 
for each subbasin related to the agriculture and irrigation systems. 
The USDA Irrigation Census of 1969 was the source of data for the 
sections in Table II-II labeled liIrrigation Water Source, II "Canal 
Data, II and "Irrigation Methods. II The data from the Census were 
translated to fit into the hydrologic subbasin units used in this 
report. These listings give a reasonable inventory of the irriga-
tion agriculture currently underwaYe 
The agricultural diversions and crop evapotranspiration 
data for each subbasin were taken from Hyatt et al. (1970), the 
U .. S. Department of Agriculture Irrigation Census (1969), and the 
Salinity Forum Report (1975). Total efficiencies, including con-
veyance, were calculated from these data. The percent of land 
drained (column 17 of Table II-II) was estimated from data taken 
fron1. the Agriculture Census Report, 1969. 
To analyze the effects of levels of irrigation return flow 
control, an attell1pt must be made to differentiate between the 
contributions of salt from irrigated and natural (or non-irrigated) 
lands to the salt load of a given subbasin. The last 5 coluD1.ns in 
Table II-II are an effort tornake such a separation using the siD1.p-
lified water and salt flow system depicted by Figure II-12 and dis-
cussed briefly in the following paragraphs. 
Wn ;:> C ~ 
n 
W.C. 
1 1 
WdC d 
we8-
r 0 
ET 
Figure II-12. Simplified water and salt flow system for a 
strea.m reach. 
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Ag 
From Figure 11-12 the change in measured flow ~Q bebveen 
point i and point 0 is: 
w - W. = ~Q = W - ET 
o 1 n Ag (1 ) 
in which W is the natural net inflow to the channel within the 
subbasin, aRd ETA is the evapotranspiration of water diverted 
for agriculture in gthe subbasin. Similarly, the change in salt 
load, ~S, where salt load S = concentration (C) tin1.es flow (W), 
is given by: 
W C - W. C. = ~ = S + S 
o 0 lIn a (2) 
in which Sand S are the salt loads contributed by the natural 
and agricuffural sy;tems, respectively. If the concentrations of 
the agricultural diversion, Cd' and the return flow C we re 
known, then the loading from agriculture S can be wri~ten as, 
a 
S =WC WC 
a r r - d d (3) 
and likewis e the loading from the natural system is: 
S = W C 
n n n 
(4) 
Now, solving Equation (1) for Wand substituting in (4), and sub-
stituting both Equations (3) and (4) in Equation (2) the result is: 
~ = (~Q + ETA ) C + (W C - WdCd ) g n r r (5) 
Tables 11-10 and II-II contain data for ~, ~Q, ET , and W d; 
and W = W d - ET • However, since the concent1~tions C , 
C , an~ Cd are Dot~Own, furthel~ assumptions must be madrto 
r . I . arrIve at a sa t apportIonment. 
One possible assumption is that all the '~rrigated lands in thE=' 
basin are (well leached) and managed so as to maintain a salt bal-
ance. In this case~ 
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(6 ) 
Therefore, there is no contrillition frolll agriculture in terlllS 
of loading, but only a concentrating effect due to ET. Under this 
assulllptiori the total load (colullln 11) is assigned to the natural 
systelll and the baseline salinity or leaching factor in T lAc is the 
sallle as column 17 (salt added in T l.ac). Salt balance, however, 
is not a realistic as sUlllption basinwide as various studies of 
irrigation in the basin show that there is salt loading frolll irriga-
tion practices as well as salt storage in so'me areas. Thus, lllost 
studies of salinity in the Colorado River Basin recognize that there 
is salt loading frO'm lands under irrigation throughout the basin. 
Salt loads added by irrigation originate frolll two priITlary 
sources: (1) indigenous or residual salts within the soil profile 
which have not yet been leached through irrigation (generally on 
lllore recently irrigated land), and (2) the salts released by the 
basic weathering processes which are induced by the passage of 
water through the soil profile. In areas of low precipitation, deep 
percolation quantities under natural conditions generally are very 
SITlalJ., so that salts which are llloved frolll near the land surface 
tend to accumulate at lower levels in the soil profile. When these 
lands are irrigated, the resulting increased quantities of ViTater 
Inoving downward through the soil profile begin illllllediately to 
dissolve these indigenous salts, and thus to leach thelll frolll the 
soiL As irrigation progresses with tillle, the salt loading of the 
drainage water decreases and approaches the value of the agri-
cultural base salinity (Van Schilfgaarde, 1974). Figure 11-13 illus-
trate s a typical relative salt releas e curve frolll a unit area of 
land under ir riga tion ove rape riod of tillle and the effe ct of dif-
ferent levels of irrigation efficiency on the rate of salt releas e. 
E stilllates of the initial illlpact of inc reasing the acreage of ir ri-
gated land are that the salt loading ITlay be at least five tillles that 
of the agricultural base salinity of a given subbasin. 
Considering just the soil profile (independent of the under-
lying geologic forITlations) Figure 11-13 shows that salt loading 
rates are less frolll a given soil under conditions of high irrigation 
efficiency than for low efficiencies. Thus, it is possible to ex-
pres s the rate of rernoval of indigenous salts in terlllS of leaching 
quantities as illustrated by Figure 11-14. For given quantities of 
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Figure II-13. Salt release curve for irrigated lands. 
Depth of Leaching 
Figure II-14. Residual salt in soil profile as a function of leaching 
depth. 
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iTY-' gation water :C:!1plied to the lanri, leaching rates C:ln be expressed 
as tunction of irrigation efficiency. Lo\v efficiencies produce 
high leaching rates and thus a relatively rapid re'!noval of the 
residual salts, whereas for high irrigation efficiencies salt re-
'!noval '!night extend over a considerable period of ti'!ne, depending 
upon the drainage characteristics of the soil. Eventually, however, 
the base leaching rate (which results fro'!n the weathering process) 
is reachedG At this ti'!ne, regardless of the efficien'cy of the irri-
gation syste1ll, essentially the sa'!ne total load of indigenous salt 
has been discharged. 
Another possible as sU1llption for the agricultural syste'!ll, 
then, is that all lands under irrigation have reached the base leach-
ing rate, and thus the only salt loading is a result of the base 
weathering rate of the soil profile and the underlying geologic for'!ll-
ations, which is its elf a function of the deep percolation rate. 
S then, would be expressed as: 
a 
S = f(W ) 
a r 
(7) 
A gain, this relationship cannot be evaluated without considerable 
data for the wide variety of irrigation practices and soil conditions 
throughout the basin.. However, this proces s is significant in ex-
tensive areas of the Upper Basin where there is percolation through 
and over weathered '!llarine shales underlying the soil. In such 
syste1lls, researchers (Skogerboe et al., 1972) have found that 
the volullle of weathered salt pickup is proportional to the volu'!lle 
of percolating water and, by extension, invers ely proportional to 
ir rigation efficienc Yo 
The actual proportioning of salt loading between the natural 
and agricultural syste'!lls lies sO'!llewhere between values that '!night 
be obtained under conditions of the previous two assu'!llptions and 
a condition in which all loading is assigned to agriculture. In 
order to develop a working assu'!llption, lying somewhere between 
the extre'!lles, on which to proceed with an analysis of the effects 
of control scenarios, the following relation is postulated: 
S 
n 
= S 
a 
W 
n 
W 
r 
= 6.Q + ET Ag 
W d - ET Ag 
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(8) 
The assumption is, therefore, that the salt loading is proportional 
to the leaching water passing through the agricultural and natural 
systems. Solving Equation (8) for S yields: 
n 
S = Sa (L\Q + E T A g) 
n 
W d - ET Ag 
Substituting for S in Equation (2) gives: 
n 
L\S = Sa (L\Q + ET A g) + S 
a 
Wd - ET Ag 
Hence, the salt loading from agriculture is taken as: 
and 
S 
a 
= 
[L\Q + ETAg ] 
[Wd - ET Ag 
S = 6S - S 
n a 
+ 1 
(9) 
(10) 
( 11) 
All values required for the solution of Equations (8) and (9) are 
given in Table II-II. Dividing the value of S by the irrigated 
acreage gives the salt production per acre of1:rrigated land per 
year and the values are listed in Table II-II under Current Base-
line Salinity Factor (Agric.). Solving Equation (11) for Sand 
dividing by the total area of the subbasin gives an estimatr of the 
natural baseline salinity factor. In the long run, this would be a 
relatively stable parameter in terms of salt loading. 
Summary Discussion of the Basin-Wide 
Salinity Model and Assumptions 
The following points are appropriate in summarizing the 
structure and as sumptions of the basin-wide salinity analysis under 
va.riol1f' ;~ontrolleve~. 3cenar.:.Gs; 
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1. That salt is removed from a soil through two primary 
processes (Van Schilfgaarde, 1974): 
a. The leaching of indigenous or residual salts which 
have accumulated in the soil profile 
b. The dissolution or weathering of the soil material 
For the basin-wide steady state model the total salt load 
added within a subbasin is apportioned between the natural and 
irrigated lands on the basis of the average quantity of water which 
was estimated to flow through the soils of each area. From this 
apportionment a IIderived" leaching factor for irrigated lands was 
obtained as a rate of salt removal in tons per acre per foot depth 
of leaching water. If a steady state condition for salt reInoval 
has been reached in the agricultural soils, the derived leaching 
factor rnight be expected to equal the bas e weathering rate of the 
soil material. However, it is likely that for many irrigated areas 
within the basin the re'moval of residual salts is still occurring, 
and under the s e conditions the derived leaching facto r lie s some-
where above the base rate. 
2. That for a long-term average of, for example, 10 years 
the removal of salt from a soil is directly proportional to the 
quantity of water leaching through the soil profile. This assump-
tion irnplie s that a long -term average value exists for the salt 
concentration in the soil solution at the bottom of the root zone 
(Van Schilfgaarde, 1974). This concentration is dependent upon 
the parent material from which the soil is derived and upon the 
quantity of residual or indigenous salts stored in the soil horizon. 
The method used to calculate the leaching fraction eliminates varia-
tions in the concentration of the leachate which are known to exist. 
The average concentration multiplied by the long-term rate-output 
in a subbasin provides an estimate of the base salinity. 
Clearly, since the agricultural component of the one-
dimensional basin-wide model employed in this study is directly 
dependent upon a linear response to a derived leaching factor, 
this assumption must be kept in mind in interpreting the model 
to provide results as to the effects of irrigation management on the 
rate of salt output from the agricultural system. Unfortunately, 
the proces s es involved in salt loading in both the agricultural and 
the natural syste'm are not yet well understood, and in the absence 
of this understanding and adequate data, the linear derived leaching 
factor was employed. 
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Within the Upper Basin the pres ent (1972 ) average salt loading 
from irrigated agriculture was estimated to be 1.42 tons per acre 
per year (Table II-II). This figure varies somewhat between the 
three divisions of the Upper Basin as follows: Green division, 
0.99; Grand (Upper Main Stern) division, 2.07; San Juan division, 
o. 94. Of the total estimated salt load from agriculture at Lee 
Ferry, Table II-II indicates an apportionment between the three 
divisions as follows: Green, 32 percent; Grand, 58 percent; and 
San Juan, 10 percent. For the Lower Basin the present average 
salt loading for irrigated land was found to be 0.75 tons per acre 
per year (Table II-II). 
3. That the solutions provided by the model represent a 
steady-state condition. In reality, for a given set of conditions, 
this state might be achieved only over a very long time base be-
cause of buffering effects in the groundwater and surface reser-
voirs. 
4. The agricultural base leaching factor is obtained by 
dividing the II current baseline salinity factor" (Table II-II) by the 
depth of drainage water. If surface runoff quantities from irrigateq. 
fields are assumed to be negligible, the depth of drainage from 
irrigation applications is given by subtracting extracted evapo-
trarls?iration quantitif::S from set diversions, thus drainage equals 
divers',Lon minu;; l'vdpotranspiration. On the basis of the second 
as sUluption gl-y'en above~ the agriculture base leaching factor is 
thus obtained as the tons of salt produced per acre per foot of 
drainage water. It can be seen that under this assumption de-
creasing the amount of drainage water by increasing irrigation 
efficiency will reduce the agricultural salt load. This increased 
efficiency may be manifested in decreasing the leaching factor 
and/ or decreasing conveyance los s. 
Salt Management Potential 
An attempt was made to evaluate the potential to manage or 
alter the salt load contributed by each subbasin. This rating is 
indicated by the final column of Table II-II. The following re-
1ationship was proposed as a basis for evaluating the Salt Manage-
ment Potential (SMP) for each subbasin: 
SMP = f (Agricultural base leaching factor, irrigation 
efficiency, ir rigated area) 
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The independent variables in the above function were given a rating 
as either high or low using the following limits: 
Low = < 1. 0 T /Ac/ft. Agricultural bas e leaching factor: High = > 1. 0 T / Ac/ft. 
Ir rigation efficiency: 
Irrigated area: 
Low = < 0.40 
High = > 0.40 
Low = < 20,000 acres 
High = > 20, 000 acres 
By simultaneously considering the three variables in terms of 
their respective ratings, an estimate was made of the potential 
within each subbasin to alter the pres ent salt loading yield by some 
management strategy. Table 11-12 illustrates the procedure used 
in estimating SMP. 
Table 11-12. Procedure for estimating the salt management 
potentiaL 
Agricultural Base Irrigated Irrigation SMP 
Leaching Factor Area Efficiency 
L L L 
L H L 
L H H 
L L H 
H H H 
H L H 
H H L 
H L L 
Where L, M, and H stand for low, medium and high level, 
re spectively. 
Salinity Control Levels and Irrigation Practice 
L 
M 
L 
L 
M 
L 
H 
L 
Manipulation of the quantity and constituent quality of return 
flow may be brought about in three basic ways: 
(1) Reduction of acreage irrigated 
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(2) Changes in irrigation practice resulting in higher 
efficiency 
(3) Treatment of return flows to alter salinity 
With the artificial drainage of irrigated lands throughout the 
basin being only 4 to 5 percent (see Table II-II), clearly the major-
ity of irrigation return flow discharging back into the streams of 
the basin is diffuse in nature. Hence, this study concentrates on 
changes in irrigation practice options rather than treatment. 
The starting hypothesis, then, for establishing a set of con-
trol scenarios for irrigated agriculture is that control of salinity 
can be accomplished through control of irrigation return flow. 
Whether or not this is true for the salt loading and concentrating 
process es for a particular area, or in general for the basin, de-
pends upon many factors (some of which have already been pointed 
out) which must be considered in the analysis of the salinity problem. 
Irrigation return flows are a result of the manner in which 
the tO,tal irrigation system is designed, constructed, and operated. 
Return flows arise in connection with: 
1. Water storage, diver sian, and conveyance and include: 
a. Seepage losses 
b. Uncontrolled water losses, management spills, 
and control structure los s 
2. On-farm water losses 
a. Deep percolation from over irrigation and non-
uniform distribution 
b. Tail water runoff and overland surface flow 
c. Drainage system collection and discharge of a 
required leaching fraction 
Increases in irrigation efficiency, implying reduction of re-
turn flows, are achieved by increases in efficiencies of the water 
conveyance and on-farm application systems. Efficiency in the 
water diversion and conveyance systems is defined as: 
E 
c 
(water delivered at farm) 
(water diverted from source) 
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Efficiency of on-farrn water use is defined as: 
E = 
a 
(crop evapotranspiration) 
(water delivered at farrn) 
The overall efficiency for the systern is therefore: 
The rneasurernent of efficiency is both crop specific and site 
specific (as related to differ ent types of soils and rnanagernent 
factors). Irrigation practice, including institutional arrangements 
for water supply rnanagernent and delivery to the farrn, are irn-
portant related considerat ions in deterrnining irrigation efficiency. 
Pres ent ir rigation efficiency, E, and potential ir rigation prac-
tice options under control scenat{os consist of the following 
elements: 
E : Improved irrigation ITlanageITlent with no capital in-
a 
vestITlent, such as 
1. Irrigation scheduling (systeITl ITlanageITlent) 
a. Tirning of irrigations 
b. Arnounts of water applied 
2. Institutional factors, in which the ope ration and rnan-
agem.ent of the irrigation water supply will also place con-
straints upon the individual farITler in term.s of his efficiency 
of water use. For exarnp1e, the rnanner of irrigation sched-
uling m.ay not necessarily induce efficiency in his operation. 
Approaches to irrigation scheduling are: 
a. Continuous flow (usually desirable for 
sprinkler systeITls) 
b. Rotation scheduling 
c.. Demand scheduling - - DeITland scheduling 
requires: 
(1) Adequate canal capacities (or diversion 
works) tOITleet peak demand 
(2) Stor:age sufficient to rneet deITland for season 
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E : Improved efficiency of water diversion and conveyance 
c 
systems, primarily achieved through canal and lateral lining. 
E: Improved technology for application of the water to the 
crops. tThe most effective Inethod of application is generally de-
termined by the types of crops being grown, the soil type, and the 
other terrain or physical factors. Methods include: 
1. Flood ir rigation 
2. Furrow irrigation 
3. Sprinkler irrigation 
4. Trickle ir riga tion 
a. surface 
b. subsurface 
Specification of efficiencies for control scenarios. The pol-
lution control scenarios for irrigated agriculture, which were 
previously defined, are directly related to the efficiency of various 
irrigation management practices. In order to estimate present 
irrigation efficiencies and translate control scenarios into 
efficiencies that could be us ed in an impact analysis, the basin-
wide natural and agricultural system characterization in Tables 
II-I0 and II-II was prepared. These data were then used to 
determine present irrigation efficiencies and those achievable 
under the various control levels. The results of this analysis are 
presented in Table II-13. 
Present estimated efficiencies. The pre sent estimated 
efficiency was calculated directly from data in Table II-II as 
average annual crop evapotranspiration divided by diversion. To 
apportion this overall efficiency between conveyance efficiency, 
E c ' and on-faTal efficiency, E a , the curve in Figure II-IS was 
used. Studies on canal seepage losses (Israelsen, 1950; U.S. 
Department of Agriculture, 1973; and Skogerboe and Walker, 
1972) show efficiencies in the range of 60 to 70 percent where the 
ratio of unlined canal length to acreage is large with efficiencies 
increasing as the ratio drops to zero. Using the data from Table 
II-lIon canals and irrigated acreage, an appropriate efficiency, 
E c , was identified from Figure II-IS. The efficiency Ea was 
then proportioned such that Ea x Ec = Ep' 
E 1. Level 1 in Table II-13 cor res ponds with the control 
scenano calling for improved on-farm management with no capital 
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Table II-13. E sti.m.ates of irrigation efficiencie s by subbasin for irrigation control 
scenarios. 
Pre sent Levell C R Est. Increase Ea 
Miles of Efficiencie s by System Mgt. 
Sub- Unlined in Percent b (no capital 
Subbasin Name basin Canal/ improvement) 
No. Ac. 
-3 E E Ea Ec E El x 10 p c a 
New Fork River Basin UGI 2.4 22 89 25 89 50 44 
Green River above LaBarge, Wy. UG 2 2.3 34 90 38 90 60 54 
Green River above Fontenelle Reservoir UG 3 2.3 47 91 52 91 65 71 
Big Sandy Creek Basin UG 4 2. 7 46 87 53 87 /65 58 
Green River above Green River, Wy. Ue6 
-
22 88(e 25 88 50 44 
Black Fork River Basin UG 7 2.5 68 89 76 89 76 68 
Green River above Flaming Gorge Dam UG 8 2. 6 51 88 58 88 65 57 
Little Snake River Basin UG 9 2.4 36 90 40 90 60 54 
Yampa River Basin UG 10 5.2 39 78 50 78 65 51 
Green River above Jensen, Utah UG 11 8.3 42 69 61 69 65 45 
Ashley Creek Basin UG 12 7.5 61 76 80
a 
76 80 61 
Duchesne River above Duchesne, Utah UG 13 7.5 39 71 55 71 65 46 
Duchesne River above Randlett, Utah UG 14 7.6 49 71 69 71 69 49 
White River Basin UG 15 5.3 35 78 45 78 60 47 
Price River Basin UG 16 7.4 63 79 80a 70 80 a 63 
Green River above Green River, Utah UG 17 7.5 53 71 75 71 75 53 
San Rafael River Basin, Green River, Ut. UG 18 7.6 50 72 69 72 69 50 
Colorado River above Hot Sulphur Springs UM 1 7.6 32 71 45 71 65 46 
Eagle River Basin UM 2 7.6 27 71 38 71 60 43 
Colorado River above Glenwood Springs UM 3 7.7 36 71 51 71 60 43 
Roaring Fork River Basin UM4 7.6 42 71 59 71 60 43 
Colorado River above Plateau Creek UM 5 7.7 60 75 80a 75 80 a 60 
Plateau Creek Basin UM 6 7.7 72 90 80a 90 80 a 72 
Tomichi Creek Basin UM 7 6.6 20 73 27 73 55 40 
Gunnison River above North Fork Gunnison UM8 6.7 42 73 58 73 65 47 
Uncomphagre River Basin UM 9 7.0 25 72 35 72 60 43 
Gunnison River above Grand Junction UM 10 6.6 34 73 47 73 65 47 
Colorado River above Colorado- Utah Line UM 11 20.0 31 65 48 65 65 42 
Dolores River Basin UM 12 2.7 60 88 68 88 60 
Colorado River above Cisco, Utah UM 13 20.0 54 68 80a 68 80 54 
Colorado River above Lee's Ferry, Ariz. UM 14 20.0 51 65 78 65 78 51 
a A maximum limit of 80% was assumed for Ea under all conditions (Willards on, 
b 
See notes on next page. 
Level 2 Level 3 
All Canals All Canals 
Lined--No Lined, Manage-
Mgt. ment Upgraded, 
Upgrading System 
Technology 
Ec E E2 Upgraded a 
95 25 24 For All Subbasins 
95 38 36 
95 52 49 E c assumed maximum ((;,95');, 
95 53 50 
95 25 24 E assumed maximum {(l'80% a 
95 76 72 E3 assumed maximum Cr. 76% 
95 58 55 
95 40 38 
95 50 47 
95 61 58 
95 80a 76 
95 55 52 
95 69 66 
95 45 43 
95 80a 76 
95 75 71 
95 69 66 
95 45 43 
95 38 36 
95 51 48 
95 59 56 
95 80a 76 
95 80a 76 
95 27 26 
95 58 55 
95 35 33 
95 47 45 
95 48 46 
95 68 65 
95 80a 76 
95 78 74 
-
..... 
0" 
tv 
Table 11-13. Continued. 
-- --
Levell 
C R 
Present 
Est. Increase Ea 
Sub- Miles of Efficiencies by System Mgt. 
Subbasin Name basin Unlined in Percent (no capital 
No. Canal/ improvement) 
AC: 3 
x 10 E E c E Ec E El p a a 
San Juan River above Arboles US 1 9.3 30 69 43 69 65 45 
San Juan River above Archuleta, N. M. US 2 9.2 43 69 62 69 62 43 
Animas River Basin US 3 9.2 42 69 61 69 65 45 
San Juan River above Farmington US 4 9.4 55 69 80 a 69 80 a 55 
La Plata River Basin US 5 9.2 55 69 80 a 69 80a 55 
San Juan River above Shiprock US 6 9.2 55 69 80c.. 69 80 a 55 
San Juan River above Bluff, Utah US 7 5.7 57 76 75 76 75 57 
Colorado River above Grand Canyon, Ariz. LM 1 1.2 60 95 63a 95 63 60 
Virgin River above Littlefield, Arizona LM 2 1.5 67 92 73 92 73 67 
Muddy River Basin below Hoover Darn LM 3 1.1 75 95 79 95 79 75 
Colorado River above Hoover Darn LM4 1.2 60 95 63a 95 63 60 
Bill Williams River above Alamo LM 5 3.4 65 85 76a 85 76 65 
Colorado River Hoover to Parker below LM 6 3.3 53 85 62 85 62 53 
Parker Darn 
Colorado River Parker to Imperial below LM 7 1.3 53 94 56 94 65 61 
Imperial Darn 
Little Colorado River above Hunt LL 1 7.1 58 72 80 a 72 80a 58 
Little Colorado River above Holbrook LL 2 6.8 58 73 80 a 73 80a 58 
Little Colorado River above Cameron LL 3 7.2 58 72 80 a 72 80 a 58 
-
-
a A maximum limit of 80% was assumed for Ea under all conditionf' (Willardson, ). 
bE Present overall irrigation efficiency. 
p 
Ec Conveyance efficiency (main canals and laterals). 
Ea On farm. application efficiency. 
Level 2 Level 3 -
-----
All Canals All Canals 
Lined--No Lined, Manage-
Mgt. ment Upgraded, 
Upgrading System 
Technology 
E E E2 Upgraded c a 
95 43 41 For All Subbasins 
95 62 59 
as sumed maximum (i: 95% 95 61 58 Ec 
95 80a 76 Ea assumed maximum (c 80% 
95 80a 76 
assumed maximum 076% 95 800. 76 E3 
95 75 71 
95 63 60 
95 73 69 
95 79 75 
95 63 60 
95 76 72 
95 62 59 
95 56 53 
95 80 a 76 
95 80 a 76 
95 80a 76 
-- -
investment.. For this case Ec was held constant, and estirnates of 
a new Ea for each basin, using information in Table s II -10 and 
II-II on irrigation methods and crop types, were made based on 
judgment from past studie s of irrigation 'management practices. 
The overall efficiency, E, is the product of Ec times Ea' 
EZ. This option represents the control scenario specifying 
the upgrading of conveyance systems through such measures as 
canal1ining. Under this program Ec is assumed as 95 percent 
efficiency, with only 5 percent losses to management spills and 
evaporation. 
E3' Unde r Option 3 all canals would be lined, management 
upgracIe'C[ and system technology upgraded. Again, for this option, 
a new Ea was estimated by judgment of achievable levels given 
present practice and studies indicating attainable efficiencies. 
Ec is, of course, at 95 percent. 
Irrigation Efficiency and Water Disposition 
Since the water available to the syste'm is essentially dictated 
by nature, as previously pointed out, any increases in irrigation 
efficiency can basically be considered as a rerouting of water in 
the system. The following is a simple example to illustrate how 
the assumptions on control levels affect the routing of water in the 
system. Working from the definitions of efficiency previously 
noted, the flows in the system are related as follows: 
(1 ) Efficiency of the conveyance system 
E 
c 
and 
where 
Wf 
= 
:::: W f + W + W + W e s u 
We :::: water evaporated in conveyance 
W s = water loss through seepage 
Wu = uncontrolled water loss through spills, etc. 
so return flow (RF) is: 
RFd = W + W 
s u 
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(2) Efficiency of on-farm. water use 
E 
a 
and 
where 
Wp 
Wr 
Wc 
Wh 
= 
= 
= 
= 
ET + W + W + W 
P r c 
water 10 s s through deep pe rcolation 
water loss through surface runoff 
water collected in drainage system.s 
and discharged 
water evaporated in process of applica-
tionrnethod 
so return flow (RF) is: 
RF = W + W + W 
apr c 
(3) Return flow for the system., then, is: 
RF = RFd + RF a 
Table 11-14 develops a com.parison of the irrigation practice 
options given assum.ptions as to possible changes in efficiencies. 
Table 11-14. Change in irrigation return flows in response to 
irrigation efficiencies 
Contro 1 Option 
Ec Ea 
Assumptions 
Inches of Water 
Efficienc y & ET 
Asls 
upgrade upgrade 
ITlgrnt method 
1 + 
2 + 
3 + + + 
_I-
E% E ET" 
c a 
60 40 24 
60 80 24 
90 40 24 
90 80 24 
RFd RFa 
W ~:< W W W W W W d f s u p r 
lOa 60 40 36 
50 30 20 6 
66.6 60 6.6 36 
33.3 30 3.3 6 
c 
"'Assun1e systeITl evaporation is very srrRll cOITlpared to total diverted/acre 
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For the water 11 savedll through reduction in return flow, there are 
a number of possible dispositions, such as diversion for other uses 
or reducing diversions to leave more water in the stream channel. 
The institutional and legal aspects of this issue are discussed in 
Chapter 6. For purposes of the salinity management impact study, 
water is as sumed to remain in the stream, but is available for 
potential use to satisfy water diversion under the alternative 
futures. Under this assumption for the example above, the distri-
bution of flows is shown by the following, Table II-IS. 
Table II-IS. Di stribution of flows for control option example 
.% or Inehe s of Water 
Total 
Wd 
Left in 
Option Stream Stream RFd RFa RF 
Asls lOO 100 0 40 36 76 
1 lOO 50 50 20 6 26 
2 100 66.6 33.4 6.6 36 42.6 
3 100 33.3 66.7 3.3 6 9.3 
This example of levels of control is only illustrative. Analysis of the 
situation within the Colorado River require s modeling of the s ys-
tern to ascertain predictions of the effects on salinity of the water 
re routings. 
The study with regard to irrigated agriculture is placed in 
the context of control scenarios to the maximum extent possible. 
However, it should be reemphasized that the prediction of irri-
gation practice options in the absence of EPA guidelines and 
definitions, and the as surnptions as to when and how they may be 
imposed on irrigated agriculture are only example cases to illus-
trate potential impact of PL 92-500. Therefore, for the purposes 
of the study, best judgments have been made on what possible 
controls may be imposed, and then attempt to fit the impacts 
of such controls within the scenarios used. The object of this 
approach is to give insight into the range of possible regional im-
pacts of PL 92 -500 in irrigated agriculture and salinity in a some-
what consistent and coordinated context. 
165 
PROCEDURE FOR SALINITY STUDIES 
SALT - A Basin-Wide Salinity Model, 
The Salinity Forum members were very cooperative in 
making available all of the supporting data used in their model 
study. Review of this material, as described in the previous sec-
tion, indicated a thorough analysis of salinity conditions in the 
Lower Colorado River between Lee Ferry and Imperial Darn. 
Rather than duplicating their work, it was decided to build on it 
and expand considerations to a variety of different management 
alternatives including irrigation efficiencies. In order to accomp-
lish this it was necessary to increase the spatial resolution of the 
study to incorporate the hydrologic subbasins in the Upper Basin. 
Mathematical modeling was accepted as the best way to conduct 
this analysis. 
Two basic types of mathem.atical models were considered: 
the dynamic (time varying) type (Ribbens and Wilson, 1973) used 
by the Salinity Forum and a steady state (equilibriu'm) type. Both 
types of models have advantages and limitations. The dynamic 
model, as de scribed in the previous section, has the advantage 
that it can represent short term transient responses of the sys-
tem as well as long term trends. Peak concentrations caused by 
seasonal variations or applied surges (for example, high initial 
leaching rate s) can be studied. A dynamic model also includes 
the effects of travel times and changes in storage within reser-
voirs and, therefore, lag responses of the system are simulated. 
In the Colorado River system when Lakes Powell and Mead are 
modeled, lag effects may extend from two to four year s. The 
output from the dynamic model is a time history of salinity at 
va rious points along the rive r caus ed by changing level s and of 
type s of development in the basin. 
A steady state model for a conservative substance, such as 
salinity, is essentially an accounting technique. Beginning at the 
head waters, a mas s balance is conducted downstrea'm in which 
flow and salt loads are accumulated. The output from a steady 
state 'model represents the salinity conditions which would event-
ually oc cur for a specific level and type of development. The time 
history of occurrence is not simulated. In this type of model, 
responses are independent of initial conditions and, therefore, 
levels of development are not tied to a particular tim.e sequence. 
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T he long term effects of a specific level/type of development can 
be evaluated without designating a particular year of occurrence. 
It is more appropriate, therefore, to refer to a "level" of develop-
ment rather than a II year" of development. 
A steady state type model was selected for this study. In 
doing so two considerations were of prime concern: 1) Maintain-
ing consistency with the work already accomplished by the Salinity 
Forum and 2) providing a model with the greatest utility for the 
study objectives. Regarding the first point, in applying the dy-
namic model the Salinity Forum used a constant average annual 
base flow and constant coefficients for each run and reported 
results as flow weighted average annual concentrations. The 
major difference between a dynamic model applied in this way 
and a steady state model is that the dynamic "model includes the 
effects of initial conditions and storage changes in reservoirs 
(i. e., lag res ponse s). One might expect the time dependent 
respons es of the dynamic model to lag steady state responses by 
no more than two to four years for a particular level of develop-
ment (also based on the fact that levels of development are chang-
ing linearly in the dynamic mode.)o A second difference between 
the dynamic model application and a steady state model is assoc-
iated with removal of salt in diversions. In the Lower Basin, salt 
removed in diversions is calculated as a function of the concentra-
tion at the nearest downstrea"m node. Because the dynamic model 
simulates monthly concentrations, the total annual salt removal 
depends on monthly variations in diversion rates. Salt removal 
in the steady state model is a function of average annual concen-
trations and diversion rates. After considering thes e two differ-
ences' it was felt that responses from the two types of models 
should agree reasonably well for any particular level of develop-
ment. 
Regarding the second point mentioned above: Selecting a 
model with the greatest utility for the study objectives. This part 
of the study involves the evaluation of long term impacts associa-
ted with various levels /types of development and management on a 
basin-wide scale. It does not address the problem of short term 
transient responses (these problems are discussed in other sec-
tions of this report). The steady state methodology is suited to 
this type of analysis. 
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Model Applications 
For the reasons mentioned above the model SALT was se-
lected for application. Program SALT is a steady stateITlodel for 
conducting flow and salinity ITlass balance on a river system. The 
model is completely general and ITlay be applied to any river basin 
by specifying the appropriate network of nodes. Each node rep-
resents a subbasin of the total system and any number of projects 
may be associated with each node. Projects represent specific 
loads and diversions located in a subbasin and they may be ex-
pressed in several different forms. At the user l s option, flows 
for a project may be entered as: 
a) a load (+) or a depletion (-) (thousands of acre-feet per 
year) 
b) the product of area (thousands of acres) and a consump-
tive use factor (acre-feet per acre per year) 
Salt loads/depletions for a project may be entered as: 
a) a load (+) or a depletion (-) (thousands of tons pe r year) 
b) the product of flow (calculated by any of the flow options) 
and a specified concentration 
c) the product of area (acres) and a salt load factor (tons 
per acre per year) 
d) for diversions only; the product of flow (calculated by 
any of the flow options) and the average concentration 
at the node as calculated by the model 
e) for agricultural loading; calculated as a function of con-
sumptive use, efficiency, and the base leaching factor 
The model also provides simplified techniques for evaluating large 
numbers of management alternatives. User options are available 
to change flows or coefficients associated with any of the projects 
without changing each original data card. A detailed description 
of the SALT model is included in PART FOUR, Appendix II-A. 
The Colorado River Basin was divided into 16 river reaches 
from the headwaters of the Green River to Im.p erial Darn as shown 
in Figure 11-16. These reaches were selected to coincide vlith the 
ones reported by the Bureau of Reclamation in Progress Report 
No@ 7, January 1975. They are also the same ones used by the 
Salinity Forum for the Lower Basine Historical data on flow and 
water quality are available at the downstream boundary of each 
168 
CO LO RADO RIVER BASIN 
o observation point QUALITY OF WATER MAP 
65- 400· TO 
"I\,.Ilyn, 1'62: 
A1vIHO "".,.IIII.,T" 
Figure 11-16. Subbasin layout for modeling. 
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subbasin. These points are termed "observation pointsll (repre-
sented by nodes in the model) and are nUlllbered as shown in Fig-
ure 11-16. For a particular reach, the difference in flow and 
quality conditions between upstream and downstream observation 
points indicates the integrated effects of a subbasin on the con-
necting segment of river. 
These reaches are further divided into the hydrologic sub-
basins which have been described previously. Table 11-16 shows 
the hydrologic subbasins and USGS gaging stations as sociated with 
each of the subbasins of Figure II-16. 
The model was calibrated to calendar year 1972 average flow 
and s alinity conditions 0 Irrigated agricultural ac reage s, con sump -
tive use and efficiencies for the base year as shown in Table 11-11 
were used. Reservoir evaporation and changes in storage at 
Flaming Gorge, Lake Powell, and Lake Mead were obtained from 
USGS and USBR published reports for the base year. These data 
were input to the model. In addition to these established data, 
there is an ungaged flow and salt load contributed by each subbasin 
which represents the net effects of natural runoff and all other ex-
ports, diversions and sources which are not specifically included 
in the established data. Table 11-17 shows thes e ungaged flows for 
the 1972 conditions as well as the resulting flows and salt loads at 
each ob s ervation point. No calculated value diffe red frum a 
llleasured value by more than :t 2 percent. The salinity concen-
trations for the model response and the 'measured values (reported 
in USBR Report No.7, 1975) are shown in Table 11-17 for co'm-
parison. 
The 1972 conditions represent a virgin flow at Lee Ferry 
of approximately 12 million acre-feet per year. Flows of 14 and 
16 million acre-feet per year were required for lYlanagement 
studies. Therefore, the 1972 ungaged flows in each of the Upper 
Basin subbasins were increased proportionately. Figure 11-17 is 
a plot of the combined average annual flows and salt loads passing 
observation points 20, 25, 45, and 55 for the period 1962-1972. 
Thes e gaging stations rep re sent almo st all of the inflow to Lake 
Powell. The solid line on Figure 11-17 was us ed by the Salinity 
Forum as the relationship between flow and salt load into Powell. 
The dashed line has been used by the USBR for the same purpos es. 
The triangles show the points us ed in this study for the three 
assullled virgin flows at Lee Ferry: 12, 000, 14, 000, and 16, 000 
acre-feet per year. These values are within 8 percent of the ones 
us ed by the Salinity Fo rum. 
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Table 11-16. Hydrologic subbasins located in the areas associated with each observation point; 
listed starting at headwaters and proceeding downstream. 
t 
~ USGS Stations 
.0 Hydrologic 
c 0 
;£ ~ Subbasin Description State Identification Flow Record Salinity Record 
/~ Number River Number 
UGl New Fork River Basin Wyo. New Fork 2050 1954-l972 1965-l972 I ! UG2 Green River above LaBarge Wyo. Green 2094 1963-l972 [963-l972 I 
UG3 Green River above Fontenelle Wyo. Green 2112 [963-l972 [963-66,67-72 
UG4 Big Sandy Creek Basin Wyo. Big Sandy 2160 1954-l972 1954-l964 
UG6 Green River above Green River Wyo. Green 2170 1951-l972 1951-[972 
5 lO Green River, Wyoming Wyo. Green 2170 
UG7 Blacks Fork River Basin Wyo. Blacks Fork 2247 1962-l972 195[-l972 
i 20 
UG8 Green River above Flaming Gorge Ut. Green 2345a 1950-l972 1957-l972 
LO 
I 
Greenda le, Utah Ut. Green 2345 
UGl3 Duchesne River above Duchesne Ut. Duchesne 2795 19l7-l972 1941-l97l 
UGl4 Duchesne River above Randlett ut. Duchesne 3020a 1942-l972 1951,l957-72 
l5 20 Randlett, Utah Ut. Duchesne 3020 
UGLO Yampa River Basin Colo. Yampa 25LO 19l6-L972 L950-l972 
UG9 Little Snake River Basin CoLo. Little Snake 2600(2599) 1921-l972 [950-69,70-72 
UGU Green River above Jensen ut. Green 2610 1946-l972 1962-1872 
UGl2 Ashley Creek Basin ut. AshLey 2715b 1946-l972 1947-65,66-72 
UGl5 White River Basin ut. White 3065 1923-l972 1947-L972 
UGl6 Price River Basin Ut. Price 3L45 1945- L972 1946-49,5l-72 
UGl7 Green River above Green River Ut. Green 3150 1904- L972 1928-l972 
20 60 Green Riv.er, Utah Ut. Green 3150 I 
UGl8 San RafaeL River Basin Ut. San Rafael 3285 1945-l972 1946-49,50-72 
25 60 Green River, Utah San Rafae l 3285 
UMl CoLorado River abv Hot Sulpher Spr Colo. Colorado 0345 1904-l972 1948-l972 
UM2 Eagle River Basin Colo. Eagle 0700( 690) 1946-l972 1947-l972 
UM3 Colorado River abv Glenwood Spr Colo. Colorado 0725 (7ll) (85l) l899-l972c 1942-l972 
30 35 Glenwood Springs, Colorado Colo. Colorado (850) 
UM4 Roaring Fork River Basin Colo. Roa ring Fork 0850 19l0-l972 1947-l972 
UM5 Colorado River abv Plateau Creek Golo. Colorado 
I 
0955 1933-1972 1933-l972 
35 45 Cameo, Colorado Colo. Colorado 955 
I-'" 
-J 
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Table 11-16. Continued. 
_ ..c j~~ Hydrologic .~ § Subbasin Description 
""' z - E ~ ~ B .~ Number :a z ~ ~ 
UM7 Tomichi Creek Basin 
UM8 Gunnison River abv No.Fork Gunn. 
UM9 Uncompahgre River Basin 
UMlO Gunnison River abv GrandJunction 
40 45 Grand Junction, CoLorado 
UM6 PLateau Creek Basin 
UMtt Colorado River abv Colo-Utah line 
UM12 Dolores River Basin 
UML3 Colorado River above Cisco 
45 60 Cisco, Utah 
USl San Juan River above Arboles 
US2 San Juan River above Archuleta 
50 55 ArchuLeta, New Mexico 
US3 Anima s River Basin 
US4 San Juan River above Farmington 
US5 La Plata. River Basin 
US6 San Juan River above Shiprock 
US7 San Juan River above Bluff 
55 60 Bluff, Utah 
UMl4 Colorado above Lee's Ferry 
60 65 Lee's Ferry, Arizona 
LLl LitHe Colorado River abv Hunt 
LL2 Little Colorado River abv Holbrock 
LL3 Little Colorado River abv Cameron 
LMl Colorado River abv Grand Canyon 
65 75 Gra nd Canyon, Arizona 
LM2 Virgin River a bv Littlefie ld 
70 75 Littlefield, Arizona 
\ 
USGS Stations 
State Identification River Flow Record Salinity Record 
Number 
CoLo. Gunnison LL90 d 1937-1972 1954-66,67-72 
Colo. Gunnison 1280( (297) 1903-l972 1944-l959 I 
Colo. Uncompahgre L495 L938-1972 1957-l965 \ 
Colo. Gunnison l525 19L6-l972 L931-1972 
Colo. Gunnison 1525 
Colo. PLateau 1050 L935-1972 1947-l972 
CoLo. Colorado 1635 1951-L972 1957-66,69-72 
Ut. DoLores l800 1950-l972 1931-1972 
Ut. Colorado L805 1895-l972 1928-1972 
Ut. Colorado l805 
Colo. San Juan 3464 196L-1972 L964-66,69-72 
N.M. San Juan 3SS5ae L954-L972 \954-1972 I N.M. San Juan 3555 
N.M. Animas 3645 19L2-1972 1940-L972 ! 
N.M. San Juan 3650 L9l2-1972 L959-l972 
N.M. La Plata 3675 1938-l972 1957-65,70-72 
N.M. San Juan 3680 1927 -l972 1941-66,69-72 
Ut. San Juan 3795 19l4-1972 1927-l972 
Ut. San Juan 379S 
Priz. Colorado 3800a 1923-l972 1928-l972 
Ariz. Colorado 3800a 
Ariz. Little Coloradc 3880 1929-33,40-72 None 
Ariz. Little Coloradc 3970 1949-l972 None 
Ariz. Little Coloradc 4020 1947-1972 1947-l972 
Ariz. Colorado 4025 1922-l972 1925-l972 
Ariz. Colorado 4025 
Ariz. Virgin 4150a 1929-l972 1947-1972 
iAz- Ut Virgin 4150 
1-& 
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Table 11-16. Continued. 
~ 
<= '" b ~ -= o .s:o USGS Stations 
.- E ~ .s:o '0 Hydrologic ~ ] ~ 0 0 ;:l., o E <= Subbasin Description State Identification 
.s:o " x g .g Number River Flow Record o - z a ~ Number 
LM4 CoLorado River above Hoover Dam Az-Nv CoLorado 42L5 L933-L972 
LM3 Muddy River Basin Muddy River 4L90 1950-L972 
75 80 Be Low Hoove r Dam Az-Nv Colorado 42L5 
LM5 BiLL WiLLiams River above ALamo iA riz. BilL WiLLiams 4260 L939-L972 
LM6 CoLorado River Hoover to Parker Az-Gll CoLorado 4280(42752 1934-l972 
80 85 Below Parker Dam Az-GlL CoLorado 4280(42752) 
LM7 CoLorado River Parker to Imperial Az-Gll CoLorado 4295 h 1903- L972f 
8'1 Below ImperiaL Dam iAz-Gll Colorado 4295 h 
-
aEstirnated L94l-l972 by correLation with other records when record not 0-'; liLl1:l1e 
bSaLinity records for Station 9-27L5 from L966-1972 at OWDC 55683; unpublished 
cAfter L966 values fqr 090725 were obtained by using station 09851 and subtracting station 09850 flows 
dSalinity records.for Station 9-Ll90 from L967-l972 taken at OWDC 55664; unpublished 
e'From 1954 to L972 Station 093555 is the combination of Archuleta and Blanco 
f 
Yearly onLy L 903 - L934 
gSa Linity from OWDC 730L3 
hStation 4295 can be estimated from some eLeven (lI) different stations avaiLabLe from 1941-l972 
Salinity Record 
1939-L972 
1967-l972g 
None 
L969-L972 
1941-l972 
I 
Table 11-17. Base conditions for cornp11ter runs. 
Calibration - 1'1"72 condttiona about equal to 12,000 TAF 
VirgUl Oow at Lee'r; FCfI'Y Managerrlent Rune 
Observation Bounoa,ry I USBR V1Tgln Flow Virgin Flow 
Point Model Reepona€ =.-t-","onc.' 14, 000 TAF 10,000 TAF Record 
. .---
Flow Salt now Salt Co~cen. Concen. 
Flow Salt now Salt TAF/Y TT/Y TAFfY TT/Y mg/I mg/I 
Ungaged 2251 555 2489 665 2845 829 O. P. 5 2009 789 289 289 
Evap. 
-74 
-74 ... 74 
t;;1gaged 702 733 779 779 876 824 
O.P. 10 2088 1330 469 468 
Ungaged 752 81 814 116 826 183 O.P. 15 366 352 70B 707 
Ungaged 2138 613 2430 755 2807 934 O. P. 20 4185 2626 462 461 
Ungaged III 33 116 34 121 3S 
0.P.25 3Z 134 3052 3078 
Ungaged 1732 423 1988 575 2319 732 
O. P. 30 1517 540 262 262 
Ungaged 1224 826 1404 933 1637 1043 
O. P. 35 2583 1505 428 428 !-'I 
--J I Ungaged 1683 398 1883 517 2142 639 
~ O. P. 40 1189 1080 669 668 
Ungaged 60 45 109 86 170 115 
O.P. 45 3486 3358 709 708 
tingaged 741 125 844 186 976 249 
O. P. 50 610 I~O 193 193 
Un~aged 1064 541 1173 614 1313 680 
G.P. 55 1260 1017 594 593 
Evap. 
-400 0 
-600 -600 
t!ngaged 475 
-438 500 
-438 525 -438 
O.P. 60 9346 7208 567 567 
Ungaged 590 934 640 980 690 1005 
O.P. 65 9801 8174 614 616 
Un gaged 230 296 251 306 272 316 
O. P. 70 128 381 2190 2194 
Evap. -760 0 
-880 0 -880 0 
Ungaged 542 306 542 306 542 306 
O.P. 75 8099 7960 723 723 
U ngaged 
-116 
-116 O.P. 80 6636 -lI6 6735 747 747 
Ungaged 
-122 
-122 O.P. 85 
-122 5753 6897 882 879 
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Energy developments were assumed to have zero discharge 
and the increases in consumptive use are shown in Table 1-14. 
Projected increases in irrigated agriculture for the 
three levels of development 1977, 1983, and 1990 are shown in 
Table 11-18. Projected increases for out-of-basin exports and 
certain other diversions without return flow for the same three 
levels of development are shown in Table 11-19. The as sumed 
salinity at diversion points vary somewhat from the salinities 
that were used in USBR Progress Report No.7, as shown by the 
comparison below, but agree with the values used by the Salinity 
Forum (Table 1-7). 
Diversion point 
Central Utah Project -
Bonneville 
Four County - Colorado 
Cheyenne -Laramie 
Horne stake 
Fryingpan-Arkansas 
San Juan - Chama 
Concentration - Tons / ac. ft. 
Table Progress 
11-19 Report No.7 
o. 16 
o. 19 
o. 19 
o. 10 
0.06 
o. 16 
0.20 
0.20 
o. 10 
0.05 
0.05 
o. 15 
Proposed salinity control projects are shown in Table 11-20. 
These estimates relied heavily on the values used by the Salinity 
Forum because they represent a concensus of opinion among the 
seven basin states. 
To test the results of the model against previous work, the 
model was run for most probable development levels 1977, 1983, 
and 1990- 2000 and a virgin flow condition at Lee Ferry of 14, 000 
acre-feet per year. The four authorized salinity control projects 
were also included in these runs. Model respdnses for salinity 
concentrations at Lee Ferry, Hoover Darn, and Imperial Darn are 
shown by the circles in Figures 11-18, -19, and -20. The solid 
line s in the same figure s are the re suIts obtained by the Salinity 
Forum for approximately the same conditions. The dot-dash line 
is the trace of the average salinity calculated by the Bureau of 
Reclamation's Colorado River Silnulation Model (CRSM) for simi-
lar conditions. The dashed lines show the statistical inference 
that can be drawn concerning the probabilities of deviation from 
the computed means (also from the CRSM). 
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Table II-IS. Increase in irrigated acreage from base year, 1972, 
by hydrologic subbasin. a 
Observation Hydrologic Level 
Point Subbasin 
--.)..977 1983 1990-2000 
H M Lb H M Lb H M Lb 
5 UG 1 47 123 7 
10 UG 7 5 5 7 7 7 7 7 7 
15 UG 14 13 9 3 20 20 20 27 20 20 
20 UG 9 15 
20 UG 17 11 11 27 27 20 
40 UM 8 11 4 18 18 15 
40 UM 9 5 5 12 12 12 
45 UM 12 7 2 42 18 12 
55 US 5 65 18 12 
55 US 6 29 77 52 41 114 109 70 
80 LM 6 9 6 6 15 15 15 
85 LM 7 20 18 17 42 40 39 50 50 50 
a Thousands of tons per year. Blanks indicate zero change. 
b High, most probable, and low estimates. 
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Table 11- 190 Increase in diversions without return flow from the base year, 1972, by 
project. a Not including energy. 
A.s sumed Level 
Observation Project Salinity at 
Pointb Diver sion 1977 1983 1990-2000 
(T / AF) H M L H M L H M L 
15 CUP - Bonneville o. 16 60 25 25 129 70 40 165 155 60 
15 CUP - Unita o. 16 0 0 0 
20 Four Conty Colo. o. 19 30 30 20 
20 Cheyenne- Laramie o. 19 9 1 0 24 11 0 25 15 15 
30 Denver Englewood O. 10 100 88 46 120 120 100 
30 Homestake o. 10 23 20 20 30 30 30 30 30 30 
35 Fringpan 0.06 70 54 44 70 70 70 70 70 70 
40 Aspen Dallas Ck 0.40 12 12 0 25 25 10 70 50 20 
50 San Juan Chaian o. 16 37 11 11 68 50 32 70 70 60 
75 Southern Nevada c 66 42 27 124 107 89 200 175 160 
1-' 80 CaL Colo. R. W. D. c 15 15 15 
-J 80 MISC Hoover-Parker c 8 7 0 18 16 12 20 20 20 Cf) 
80 Metropolitan Water Dist c 1215 815 713 1215 971 753 465 465 465 
80 Central Arizona c 1503 1503 1503 
85 CaL Colo. R. W. D. c 14 8 8 20 20 20 
85 SDG & E (P~ V. Drain) c 40 40 15 
a Thousands of acre feet per year. Blanks indicate zero. Nevada power included in Southern 
Nevada Project. Dallas Creek power included in A.spen Dallas Ck. Project. 
b 
Diver sion at the base year (1972) was zero or included in base flow for all observation points 
except 80, the Metropolitan Water District, which was 1220 FAF/yr. 
c 
Equal to calculated concentration at the observation point. 
Table II-ZO. Salinity control projects. a 
Project 1977 1983 1990 
water salt water salt water salt 
Paradox Valley S. C. (Colo. ) 0 7 180 7 180 
7 180 7 180 
(Colo. ) b 
7 180 7 180 
Grand Valley S. C. 135 200 
0 135 0 200 
b 70 200 Crystal Geyser S. C. (Utah) 0 3 0 3 
0 3 0 3 
b 0 3 0 3 
Las Vegas Wash. S. C. 7 131 15 131 
(Nevada) 7 131 15 131 
4 35 9 105 
Laverkin Sp. S. C. (Utah) 2 50 2 103 
2 50 2 103 
0 0 2 103 
Littlefield S. C. 4 17 
4 17 
4 17 
Glenwood-Dotsero S. C. 2 100 4 200 
2 100 4 200 
0 0 4 200 
Lower Gunnison Basin S. C. 240 300 
(Colo. ) 0 240 0 300 
150 300 
Uintah Basin S. C. (Colo. ) 100 100 
0 100 0 100 
50 100 
Big Sandy S. C. 2 80 
2 80 
2 50 
Price River S, C. (Utah) 15 100 
15 100 
5 50 
San Rafael S. C. 15 80 
15 80 
5 50 
Dirty Devil S. C. 15 80 
15 80 
5 30 
McElmo Creek S. C. 10 40 
10 40 
3 15 
Dixie Project S. C. 
Colorado River 1. R. S. C. 2 7 7 
0 2 0 7 0 7 
0 I 4 7 
Palo Verde Irrigation Dist. 
I 
23 23 
S. C. (California) 0 23 0 23 
10 23 
aVa1ues for high, most probable, and low estimates are shown. Water 
removed in 1000 AF and salt removed in 1000 T. 
bInitial stage salinity control programsu 
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A steady state model repre sents the salinity conditions which 
would eventually be reached in the system for a specific level and 
type of development. It shows the ultimate condition toward which 
the system is adjusting. It was therefore anticipated that the steady 
state model responses would be somewhat higher than those of the 
dynamic models in this given situation of salinity loads increasing 
with time. Figure s II -18 through 11- 20 indicate that the steady 
state model calibrated to 1972 conditions gives results which are 
close to those of the dynamic models. The only noticeable differ-
ence occurs at Imperial Dam for development level 1990-2000, 
and that difference is less than 4 percent. 
Set Up of Management Runs for Control 
Scenarios and Alternative Futures 
The effects of the imposed control levels irrigation return 
flows and alternative development futures in each subbasin were 
analyzed by means of the one -dimensional stream flow and salt 
routing model (SALT), used to model salinity in the Colorado 
River system. Essentially, a model run for SALT accumulates 
the effects of predicted management impacts or future diversion 
from each subbasin and moving downstream and displays the 
effect at spe cific locations in the stream system. 
The model runs were made in terms of the irrigation control 
scenarios and under various alternative futures of agriculture, 
energy development, and water export out of the basin. These var-
ious run combinations are displayed in Table 11-21. In the table 
the level of agriculture, energy and water export activity are in-
dicated by dots under each run combination, together with the op-
tions for any of three levels of agriculture controls or salinity con-
trol projects. A set of runs, then, designated by the capital letter, 
is completed by running the model at the indicated development 
levels for the three target years or periods 1977, 1983 -85, and 
1990-2000 at an assumed virgin flow for the river. The economic 
and institutional impacts resulting from the physical effects of 
salinity management or control strategies are evaluated in Chapters 
4, 5, and 6. The physical changes in water quality--salinity--are 
discussed in Chapter 3. 
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Table 11-21. Set up of model runs for salinity study. 
-
Model Run Identification Numbers 
'~ 
1n',", 'o" I H'l\h' , S'lin"· ~~ I :J ,- A:;!. - lll c r l! y-'\ln)!llll.-Comb L()\\ c~ 
Comb ina tion s '\lanage . ev. Contra ;.:J f lows 
1977 1 4 5 6 13 14 1 14 23 26 29 32 32 33 61 64 60 42 43 44 Develop ment 
1983 2 7 15 16 19 20 24 27 30 34 35 36 62 65 45 46 47 Level 8 9 41 
1990 3 10 11 12 17 18 21 22 25 28 31 37 38 39 63 66 40 54 55 56 
Set Id . A B C 0 c: F G H I K M N a p u v Q x y Z L.. 
Assumed Virgin 12 I- • • Flow at Le e 's Ferry 14 • • • • • 
--
• • • • • • • • • • I 
M Ac-Ft!Yr 
16 
H • 
-
• • I • • 
Agricu Iture M '. • • • • • • • I • L • • • • • H • • 
-
• • • • 
En e rgy M • • • • • • • • • • • L • • H • • • • Wate r M • • • • • • • • • • • • • • • Export 
L • 
41st Stage Sal. Can. Proj. • • • • • 
Agricu!tu ra) 3 • • • • • Efficiency 2 • 1 
• 
I H i ~h I 
Flows J 
48 49 5°1 51 52 53 
57 58 59 
R S T 
I 
• • • 
I • 
• • 
• 
• • 
• 
• • 
• 
• 
BASIM--A Two Dimensional Hydro-Salinity Model 
In addition to the application of the salt and flow routing model 
(SALT) in the CRB, three subbasins were selected for higher reso-
lution, two dirnensional modeling. The subbasins selected included 
the Palo Verde irrigation district in California, prirnarily a water 
user and salt producer, the Duchesne River above Randlett, Utah, 
primarily water producing area, and the Grand Valley, Colorado, 
a water and salt producing area. The one dirnensional model (SALT) 
follows the in-channel salt and water routing in the principal tribu-
taries and the rnain stern of the Colorado River. Howeve r, typical 
hydrologic occurrences within an irrigated subbasin are operational 
in both space and tirne as suggested by Figure 11-21. As indicated 
by Figure 11-22, irrigation systems tend to alter some of the flow 
paths followed by water as it rnoves through a subbasin. When an 
irrigated area is rnodeled thes e changes to the hydrologic system 
need to be considered and represented. 
For rnany hydrologic models continuity of mass is the only 
link between the various processes within the systern. Continuity 
of mass is expressed by the general equation: 
Input = Output ::t Change in Sto rage 
A hydrologic balance is the application of this equation in order to 
achieve an accounting of physical hydrologic quantities within a par-
ticular unit. Typical hydrologic quantities which rnight be applied to a 
particular unit are listed as follows: 
Inflows 
Precipitation 
Surface inflow (river rnain 
stern, tributaries, snow-
rnelt, imports, spring 
flows, purnped ground-
water, s pring flows) 
Subsurface inflows 
Outflows 
Overland runoff 
Subsurface interflow 
Groundwater outflow 
Exports 
Storages 
Snow 
Soil rnoisture 
Surface res er-
voirs 
Groundwater storage 
By rneans of the continuity equation and the application of appropriate 
translation or routing functions, it is pos sible to predict the rnove-
rnent of water within a systeTn in terms of its occurrence in space 
and tirne. Thes e sarne basic concepts apply to the operation of any 
dynamic systern. In this study they are utilized in an examination 
of the flow system involving the movement of both water and salt. 
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Figure 11-22. Pictorial representation of an irrigation system. 
Points A, B, and C of Figure 11-21 repres ent stations for 
which both water quantity and salinity information is available with-
in a particular subbasin. The problem, then, is to successfully 
describe the joint hydrologic and salinity system between points A 
and C so that the effects of managen"lent change s within this section 
of the river, such as increases in irrigated area or changes in 
efficiency, can be predicted at point C downstream. 
The two dimensional BASIM model follows the movement of 
both water and salt within the subbasin in terms of both space and 
time. Figure 11-23 shows a schen"latic of the flow paths of both 
salt and water through a given subbasin as accounted for in the 
.model. 
Limitations on time, data, and budget for a study are the 
main determinants of the level of detail in time and spatial aspects 
of a model. For this study a time incren"lent of one month was used 
and subbasins were modeled as single spatial units. In addition, 
only valley botton"ls were modeled, with measured or estimated 
runoff from the contributing water sheds represented as input 
q uantitie s to the models. 
The baslc concept supporting the two dimensional hydro-
salinity flow model is that the requisite salt concentration values can 
be represented as needed for association with each of the approp-
riate hydrologic quantities. With the exception of precipitation, 
snowmelt, and evapotranspiration, all of the water quantities within 
the hydrologic system are associated with a quality parameter 
(Figure 11-23). Thus, the hydrologic processes which transmit or 
store salt within the system included the following: 
( 1) Ove r land runoff 
(2) Subsurface interflow or quick seepage 
(3) Groundwater outflow 
(4) Canal seepage 
(5) Deep percolation 
( 6) Movement within the plant root zone (zone of soil 
m.oisture storage) 
(7) Outflow from springs 
In the model, measured or estimated concentrations were attached 
to the appropriate hydrologic quantities listed above, and outflow . 
salt rates were predicted from appropriate cOn"lbinations of speciflc 
flow quantities. 
This concept is given in equation form as follows: 
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n 1 m 
Q so C so = j~l QsjCsj +k~l QgkCgk ±?=l6.Sp C scp 
( 12) 
in which 
Q = water outflow rate frorn the hydrologic unit or system 
C so = salt concentration in the outflow water 
so Q . = rate of \vater inflow frorn surface source j 
Cs~ = salt concentration of surface source j 
Q~~ = rate of water inflow frorn groundwater source k 
Cgk = salt concentration of groundwater source k ~S = change in water stored in storage elernent p 
p 
Cscp = salt concentration associated with storage elernent p 
The terrns on the right hand side of Equation (1) represent the 
res pecti ve salt contributions to the outflow frorn surface and sub-
surface sources, and the various storage elernents of the systern. 
As suggested by Figure II-23, there is considerable transfer between 
the various term.s of Equation (12). Briefly, so"me of the specific 
processes which are represented by the model are: 
In-basin use processes. The in-basin use processes are 
prirnarily the consumptive use of water by cropland and by municipal 
and industrial (M & I) activities. The model can address both of 
these processes separately. Cropland consumptive use is consid-
ered in two parts: 
1. Consumptive use of agricultural crops. 
2. Evapotranspiration by the phreatophytes. This avail-
able water is apportioned between the contribution 
of the surface and groundwater. 
The hydrologic processes associated with in-basin uses are canal 
diversions, groundwater pumping, spring flows, and effluent 
groundwater movernent. The quantities of pumped water and spring 
flow represent the recycling of water within the basin. 
Canal diversions. Quantities of water diverted through the 
canal; consist of surface and subsurface inflows frorn developed 
and undeveloped lands, stream.flows (gaged and ungaged), reservoir 
releases, pumped groundwater, seepage returns, and spring flows. 
These individual components are considered separately by the rnodel 
to facilitate estimation of salt concentrations as sociated with each. 
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Irrigation efficiency. In addition to identifying operational 
spills and tailwater runoff, the model separately considers the two 
components of the irrigation efficiency, viz., conveyance efficiency 
and application efficiency: 
(1) Conveyance efficiency. Water flows connected with con-
veyance efficiency are handled by the following relations: 
in which 
QCV 
SEEP 
ECV 
PSP 
CNL 
SPILL = CNL ~:< PSP 
SEEP = CNL ~:< (1 - ECV) 
QCV = CNL - SEEP - SPILL . 
= 
= 
= 
= 
= 
quantity of water delivered to cropland 
quantity of seepage water (excluding seepage 
returns to surface, if any) 
conveyance efficiency 
SPI.LL = 
proportion of spills from canal diversions 
quantity of canal dive rs ions at headwater s 
quantity of operational spills 
( 13) 
( 14) 
( IS) 
The difference between the two quantities CNL and QCV is there-
fore assumed to be canal seepage losses and operational spills. 
(2) Application efficiency. The water flows resulting from. 
irrigation application efficiencies are described by the following 
relations: 
in which 
AETT 
QDIV 
TWTR = QCV >:< PTW 
QDIV = QCV - TWTR 
EIR = AETT /QDIV 
= 
= 
TWTR = 
actual evapotrans piration from. cropland 
quantity of water which actually is applied to 
cropland (excluding rain + snowmelt) 
quantity of tailwa ter runoff 
ElR = efficiency of application 
PTViT = proportion of tailwater runoff 
( 16) 
(1 7) 
( 18) 
The difference between the two quantities QCV and QDIV represents 
the tailwater runoff. 
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Runoff components. The total surface runoff is repre sented by 
an overland flow component and a subsurface cOITlponent of quick 
seepage or interflow. Each is considered separately by the ITlodel. 
The effluent groundwater flow is also apportioned between ground-
water outflow froITl the basin and surface channels within the basin. 
The following relations are us ed to des cribe runoff cOITlponents: 
in which 
WAD 
OIN 
QSPR 
STR 
SRF 
GEF 
SRF = STR + GEF 
STR = WAD - CNL + TWTR + SPILL 
WAD = QIN + QSPR + SEEP 
= water available for diversions 
= total quantity of inflow water (after considering 
evapotranspiration froITl phreatophytes) 
= quantity of s pring flow 
= surface cOITlponent of runoff 
= total surface runoff 
= quantity of effluent water contributing to surface 
runoff 
( 19) 
(20) 
(21) 
Fa cto r s affe cting hydro - salini_ty ITlodeling. The gene ral as-
sUITlptions of the hydro-salinity model have been discussed previously. 
There are, however, a nUTIlher of factors involved in the cOITlplex 
relation of water and salt flows that should be TIlentioned, even 
though they are not repres ented explicitly in the TIlodel. 
One iTIlportant factor is the rate of salt pickup by various 
components of water percolating through the soil profile. The 
mechanisTIls describing the salt pickup are highly cOITlplex involving 
the interrelationships of hydrologic, cheTIlical, biological, and ge-
0logic factors associated with the various phenoTIlena. In the ITlodel, 
the sources of salt pickup by percolating waters are categorized as 
natural sources (in-stream pickup processes) and agricultural 
sources. The agricultural processes contributing to salt pickup in-
clude canal seepage, tailwater runoff, operational spills, deep per-
colation, return flows, and ITline ral weath ering by deep groundwater. 
The following paragraphs provide further detail on SOTIle of these 
proces ses: 
(a) Natural (in-streaTIl) salt pickup. Seasonal variations of 
flows in ITlain streaTIl channels and canals result in erosion and 
sedirnentation proces ses which contribute to TIluch of the natural 
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salt pickup. Large fluctuations in canal flows can cause deposition 
of salt on the s,ides and bottoITl of canals due to evaporation of riear-
surface water and the consequent ITloveITlent of salts toward the sur-
face layers. 
(b) Salt pickup through percolating waters. COITlponents of 
percolating water are the canal seepage, deep percolation, and the 
return flows, and salt pickup is due to interrelated physical, cheITl-
ical, and biological factors. Physical factors include the soil type, 
quantity of water percolating through the soil, relative distance of 
tra vel within the s oil profile, depth of groundwater table, and the 
hydraulic gradient causing the flow. The physical transport pro-
ces s of salt thus depends uponITlass flow, ionic diffusion of salt, 
and dispersion of the soil. CheITlical factors are associated with 
the partial pressure of CO2 , occurrence of com.plex inorganic and 
organic cheITlical reactions involving ion exchange, adsorption and 
dis solution and precipitation of ions, and forITlation of cOITlplex ion 
pairs changing the ionic strength of water and the concentration 
gradient. CheITlical reactions significantly differ with different 
kinds of soilwater. Capillary and hygroscopic water act as a solvent 
and ion exchange ITlediuITl, while the gravitational water percolates 
downward and drains away carrying soluble ions. Relative concen-
tration of ions depends on the concentration gradient and the elec-
troITlagnetic force which results froITl the pr'esence of other ions. 
Biological factors include ITlany environITlental conditions, including 
the extent and nature of ITlicroorganisITls and their substrate present 
in the soil. 
(c) Mineral weathering of deep groundwater. Groundwater 
cheITlistry is highly dependent upon the extent of groundwater cir-
culation, depth of stagnation water, and the zone or belt of dis-
charge to surface runoff. The che'ITlical cOITlposition of gas is 
highly varied and ITluch depends upon geology of the parent ITlaterial. 
Groundwater cheITlistry is also influenced by the C02 content, which 
is controlled by the nature and thickness of the overlying glacial 
deposits. 
Studies on salt pickup and precipitation in soil profiles. Fig-
ure 1I-24 shows the analysis of the cOITlposition of irrigation water 
and of drainage water for the Palo Verde and Grand Valley areas. 
In the Palo Verde area an average of about 4 percent of CaC03 and 
15 percent of CaS04 precipitates within the soil profile. In the 
Grand Valley area, however, it is observed that about 22 percent 
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Proportion of ions in Meq/ L 
Palo Verde: Water year 1971 Ca Mg Na 
Average composition of canal diversions $ 360 .223 .407 
Average composition of outflow drain .234 
· 130 .. 663 
Percent change in composition -35.0 -41 .. 7 55. 0 
lIrnplies that about 4.2 percent CaC03 precipitates 
2Irnplies that about 15.5 percent Ca804 precipitates 
HC03 
K +C03 8°4 Cl 
.010 .210 .. 556 .234 
. 003 o 168 .. 401 .431 
1 2 
-70.0 -20 .. 0 -27 .. 9 84.2 
Proportion of ions in Meq/L 
Grand Valley: (5-5-72 to 9-6-74) 
Average composition of canal diversions 
Average composition of agricultural drains 
Percent change in composition 
Ca 
.. 384 
.. 317 
-17.4 
Mg Na 
• 161 " 443 
· 332 .. 346 
106.2 -21.9 
1Implies that about 22.6 percent CaC03 precipitates 
2Irnplies that about 44. 5 percent Ca80
4 
solubilizes 
HC03 
K +C03 8°4 Cl 
.012 .342 .299 .. 359 
.005 . 116 .744 e 140 
-58.3 66 1 2 / - .. 1 148. 8 - 010 0 
Figure 11-24. Analysis of inflow and drainage water for the Palo Verde, California, and 
the Grand Valley, Colorado, subbasins showing precipitation and solubil-
ization of bicarbonate and gypsum salts 
of CaC03 precipitates while there is 44 percent of CaS04 solubili-
zation taking place. The Na content increases in drainage waters 
in Palo Verde, but decreases in the case of Grand Valley. Figure 
11-25 shows a typical graph of the quantity of salt outflow through 
drains in the Grand Valley area in tons/day versus a corresponding 
water outflow in cfs. While m.any com.plex phenom.ena m.ay account 
for salt outflow through drains, it is seen from. Figure 11-25 that it 
m.ay be possible to represent the salt flow by a typical yield curve. 
Model linkage and calibration. Consistent with the available 
data and the as sumptions m.ade in the one dim.ensional SALT model, 
the salt pickup by the percolating waters is assum.ed proportional 
to the am.ount of throughput water. Because of the com.plex and 
dynam.ic nature of the system, with this assum.ption the m.odel does 
not fully represent the phenom.ena observed on a monthly basis. 
However, for long term. m.anagem.ent studies undertaken here, it 
was deemed adequate. The m.odel com.putes various hydrologic 
quantities before the corresponding salt quantities are calculated. 
This is' accom.plished by dealing concentrations of the flows, in-
cluding the salt pickup, and com.puting the total salt flow from. the 
basin as described by Equation (12). The m.odel was calibrated 
using the obs erved data from the subbasin where sufficient record 
is available for the com.ponent flows. The results showed a close 
agreem.ent between the predicted quantities and the ovserved data 
with respect to the quantity of flows (see Figure II-26 for Grand 
Valley); however, it did not show a corresponding agreem.ent with 
respect to the concentrations of drain water. The disagreement is 
attributed to simplifying as sum.ption in repre senting the salt pick-
up. Calibration curves for the other two basins as well as the 
tabular output for all calibration runs are contained in PART FOUR, 
Appendix II- C. 
Managem.ent runs. In order to analyze the impacts under the 
control scenarios described in Section I, Chapter 3, the BASIM 
model was applied to three basins. The same basic control scen-
arios were applied to each basin using the efficiency data sum.mar-
ized in Table II -14. The m.odel was then run in order to obtain 
physical impact estimates for each subbasin. The results of these 
anal ys es ar e pres ented in Cha pte r 3 which follows. 
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the Grand Valley area 
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Figure 11-26. Grand Valley calibration results for the water year 1970-1972. 
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CHAPTER 3 
RESULTS OF ANALYSIS: BASIN-WIDE AND SUBBASIN 
SALINITY CONTROL STUDIES 
RESULTS OF BASIN-WIDE SALINITY ANALYSIS 
Salinity levels in terms of both total salt loads and conc entra-
tions are examined for va rious pos sible levels of resource use and 
management alternatives. As previously indicated, resource use 
is expressed in terms of projected increments of change from 
1972 conditions, which was taken as the base or reference year. 
Three rates of resource use or development were as sumed to 
occur, namely, low, medium (rnost likely), and high. The effects 
of management alternatives were examined at three time periods, 
1977, 1983, and 1990-2000, which in effect represent levels of 
development. The rate of development of a particular resource 
use is a question of policy and economics, so that "alternative 
futures" are representative of various possible combinations of 
resource development at a particular point in time. Thus, for 
1983, high energy coupled with low agriculture and low export 
represents a particular alternative future which could be effected 
by an array of public and private policy decisions. 
It is again emphasized that the figures presented by this dis-
cussion are intended mainly to represent trends and to indicate in 
general terms, control potentials for geographic areas, rather 
than to predict absolute values of actual change. For example, 
considerably more confidence could be placed in the magnitude 
and direction of a change from. a given base level than in the absolute 
value of the predicted new level. 
Agricultural Salinity Control 
Effects of irrigation efficiency. The iITlpacts of agriculture 
on salinity within the Colorado River have been related to agricul-
tural efficiency under the assuITlptions discussed earlier. Using 
the loading factors for irrigated agriculture and the estiITlated 
efficiencies, the results of the SALT model runs for the control 
levels are shown in Figures 11-27 and 11-28. The curves indicate 
reductions in salinity (ITlg/l) and in total salt load (tons /year) at 
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Effect of Water Exports on Salinity 
The general effects of water exports out of the ba sin are the 
sa:me as the use for energy under the total contain:ment progra:m for 
energy wastewater disposal, na:melya reduction in salt loading but 
an increase in concentrations farther downstrea:m. However, water 
for export generally is taken frolll headwater strea:ms where salinity 
levels usually are less than at sites downstrea:m where water is 
needed for energy. For this reason, diversions for export tend to 
influence downstrea:m salt loadings relatively les s and concentrations 
relatively lllore than is the case for energy diversions. In Figure 11-32 
:medium. and high exports are co:mpared. Sets A and K hold ener gy, 
agriculture, and flow constant at the lllediu:m level while exports 
shift fro:m :mediulll (set A) to high (set K). (See also Ta ble 11-28. ) 
For the 1977 and 1983 develop:ment levels, the projected differences 
between the two plots is appreciable, while the difference at the 
1990- 2000 developlllent is s:malL This trend is explained by the 
fact that salt loading and concentrations are, respectively, inversely 
and directly proportioned to export quantities. For the 1977 and 
1983 develop:ment loads projected export quantities are considerably 
higher under H than under M, especially in the case of the Metropolitan 
Water District of southern California. At the 1990- 2000 developlllent 
the difference in total exports between M and H is smalL The levels 
under high exports a re slightly higher, reflecting export of high 
quality water and smaller amounts of water for dilution. As expected, 
concentration increases with increased exports. 
Effects of Alternative Futures COlllbinations 
Although the alternatives for allocating water resources of 
the Colorado River to the various users seem limitless, the utili-
zation level combinations discussed here are lilllited to high, 
mediu:m, and low development rates of agriculture, energy, and 
water export from the basin. The effects on river salt loads and 
concentration of some of these alternative developlllent scenarios 
also are depicted by Figure 11-32. For exa:mple, co:mparisons are 
shown for medium levels of development for agriculture, energy, 
exports, and also for high agriculture and low energy. Salt loads 
and concentrations both are slightly higher with the high agriculture 
(set E) and with low energy (set V), though reflecting the effects of 
the salt pickup in agriculture and the containment policy for energy. 
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Ta ble II- 28 e Predicted effects of alternate futures on salinity contributions 
by subarea within the Colorado River Basin. a 
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Figure 11-32. Predicted salinity effects at Im.perial Darn of alternate 
future uses within the Colorado River Ba sin. 
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Again the impact of agriculture on the system is emphasized by this 
figure. Ultimately, the smallest salt loads and the highest concen-
trations are achieved for a combination involving the high utilization 
level for agriculture, energy, and export. The alternative future 
of high energy development and low agricultural development with 
irrigation efficiency improvements and salinity control projects is 
reflected in set P, Figure II-31. Again, irrigation efficiency is 
the dominant factor under this combination, re sulting in much lower 
concentrations than for the base (set A). 
Analysis of Jlanges of System. Sensitivit¥ 
Effects of virgi.n flows., The effects of the average virgin flow 
on the river salinity also were investigated. In order to be consistent 
with the studie s of the Salinity F orurn (1975), three levels of virgin 
flow were adopted, namely, 12 million, 14 million, and 16 million 
acre-feet per year at Lee Ferrye Figure 11-33 depicts the impacts 
on salinity at Im.perial Darn from the three levels of assumed virgin 
flow with medium (most likely) developlnent levels. The plots indi-
cate that the low flo\vs transport less total salt than higher virgin 
flows but w-ith proportionally even smaller flows of water, thus 
producing higher salt concentra tions of low flows. The effect of 
flows is analogous to exports or total containment in energy use. 
Water for dilution is an important factor. 
Figure II-33 also demonstrates 
the cts of resource development rates and assumed 
virgin flovv levels. The 1983 salt concentrations range from about 
790 rng/l to about 1140 mg/L These represent the limits froIn high 
virgin flow at low development rates (set S) to low virgin flow at 
high development rates (set Y). Irrigation efficiency levels and 
salinity control projects are excluded from this comparison. Con-
clusions that seem obvious are that either a very low rate of develop-
ment or improveITlents in irrigation efficiency or both along with 
high flo\7i1s in the river would be essential to maintaining present 
salinity concentration levels in the river$ In fact, few of the alter-
native futures would ITlaintain a concentration below 900 Ing/l at 
Irnperial Darn without irrigation efficiency improvements unless there 
are high flows and low levels of developInent for agriculture, energy, 
and water export. 
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Figure 11-33. Predicted salinities at 1rrlperial Darrl as influenced 
by virgin flows and resource utilization rate. 
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Flow, development, and control level sensitivity_ Figure 11-34 
is a comparison of several alternatives. Included are the effects of 
low development levels without and with high levels of irrigation 
efficiency and salinity control and at a high value of assumed virgin 
flow (curves Sand T). Curves Y and Z represent the salinity impacts 
caused by a low flow, high development, without and with salinity 
control and agriculture efficiency. Note that the conditions of the 
Y curve create the worst conditions for salinity concentrations 
which reach levels in excess of 1600 mg/l in the 1990-2000 era. 
Table 11-27 also indicates that annual flow at Lee Ferry for the 
Same time and conditions would be below seven million acre-feet. 
In contrast, the curve T, as would be expected, indicates the lowest 
salt concentrations throughout the entire time horizon, and reaching 
approximately 700 mg/l in the 1990-2000 time period. This curve 
represents low utilization levels, the application of irrigation 
efficiency measures, and the installation of salinity control proj ects. 
Curves A, R, and X represent base conditions for the three assumed 
levels of virgin flow. Again, as is also indicated by Figure 11-34, 
a comparison of these three curve scales depicts that the higher 
virgin flows transport more total salt but at a lower concentration. 
Summary 
A comparison of the runs constructed fronl the base case of 
14 million acre-feet flow are shown in Table 11-29. For the target 
years the salinity at Imperial Darn in terms of total tons and con-
centration levels are indicated. 
RESULTS OF THE TWO-DIMENSIONAL HYDRO-SALINITY 
STUDY OF AGRICULTURAL IMPACT ON COLORADO 
RIVER SALINITY 
The computer model (BASIM) was used to aid in evaluating 
the water quality salinity impacts of irrigation management levels. 
Three subbasins were selected for modeling purposes- - the 
Palo Verde Irrigation District, California, the Grand Valley, 
Colorado, and Duchesne Basin of Utah. The following study pro-
cedure was used for each of the areas: 
1. Calibrate the model using 1970-72 water year data, as 
availa ble, for each subbasin. 
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Figure 11-34. Predicted salinitie s at Imperial Darn a s influenced 
by virgin flow, utilization rate, and irrigation 
efficienc y. 
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Table 11 ... 29. Predicted effects on salinity at Imperial Dam of various management scenarios 
in the Colorado River Basin. 
~fanagement Scenarios Salinity at lrnperial Dam 
Set 
Utilization Levela Agric. Salinity 1977 Dl'vdopment 1983 Development 1990 -2000 Development 
Designation Eff. Controls C Agric. Energy Export Levclb Tons x 10 $ Salinity \ Sahnity 
) 
(mg/l) Tons x 10 (mg/l) Tons x 10 
A (base) M M M No 9169 82.7 9095 92.3 ,8n 1089 
E H M M No 9L54 tl46 9179 955 7790 I 1,,3 
M H M No 91 bb il2.9 9040 'l31 7 S 3': 1143 
K M M H No 8730 840 8756 938 7765 11)9b 
Q H H H No 8770 860 8772. 980 7415 12.36 
V L L L No 9286 82.1 {)3 73 891 8054 1009 
D M M M E3 No 732.8 661 7181 729 6045 841 
G M M M Yes 9169 82.7 8697 K85 7437 10,9 
l! M M M E3 YeS 7349 671 6918 704 5b57 <sIb 
M H M No 9168 82.8 9040 931 7532. 1143 
N L H M No 9 16Z 82.4 8997 9 18 7479 1098 
0 L H M Yes 9162. ts2.4 8S99 379 7094 1046 
P L H M E3 Yes 732.5 659 6855 701 5602. 026 
U L M M No 9163 82.4 9051 911 7768 1049 
E H M M No 
F H M M E3 No 7349 671 7192. 748 5972 b92 
M H L M No 9379 842. 920 I 950 7941 II )3 
aResource utilization level: H = high, M = medium (most likely), L = low. 
blrrigation efficiency resulting from improved management, canal lining, and technological improvements. 
clmplementation of specific salinity control projects at point sources, such as mineral springs. 
2. Determine abase predicted runoff of the river downstream 
of the area in which management alternatives are to be 
tested. Parameters and coefficients are set at the values 
determined in step (1) above. 
3. Impose the selected management levels on the model by 
changing the appropriate model parameters and evaluate 
the results. The management levels applied in the 
BASIM model were: 
Level E l : Present canal conveyance efficiency with a 
higher level of application efficiency achieved by better 
management of water application without any capital in-
vestment. 
Level E2: Increased canal conveyance efficiency achieved 
by canal lining and the same application efficiency as cur-
rently exists. 
Level E3: Increased canal conveyance efficiency coupled 
with the highest technologically feasible application ef-
ficienc y that might be 0 btained by mana gement a swell 
as capital investment. 
General Comparison of Results 
A summary of the results for each subbasin is given in 
Table II-30 for the Duchesne, the Grand Valley, and the Palo Verde 
areas. An assessment of the annual results shows that in each of 
the three subbasins there appears a general decrease in the salt 
loading in surface outflow for the three assumed irrigation control 
levels. The reduction in salt loading is largest in the Duchesne 
basin, lesser in Grand Valley area, and is inappreciable in the case 
of Palo Verde irrigation district. The trend of these results is 
compara ble to the corresponding results obtained in the one-dimen-
sional model. Complete tabulation of the results from the manage-
ment runs for all three subbasins is contained in PART FOUR, 
Appendix II-C. 
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Table II-3D" Management effects on salt loading from. irrigated agriculture for three subareas as 
simulated bv ~~~~~~_n~_19?~_§aEao 
Duchesne Grand Vallet? Palo Ver1.e 
Cases Study ECV EApa .Cana.lD Surface Surface ECV EApa Canal. Surface Surface ECV EApa Canal J Surface Surface 
Areas DlverSlOn Effluent Outflow DlVerSlOn Effluent Outflow Diversion Effluent OutEow 
Baseline Efficiency .72 '0 .76 .97 
Water (1000 AF) 594 79 367 641 170 3491 909 439 5844 
Salt (1000 tons) 438 150 374 546 750 3256 977 1086 6877 
Case 1 Efficiency. 72 .69 .76 .65 
Water 534 50 381 531 112 3517 NA 
Salt 389 108 349 451 532 3113 
Reduction in 
N salt contentC 11. 2 28 6.68 17.4 29 4.39 
N (%) 
0" 
Case 11 Efficiency. 95 .69 . 95 .65 .97 .65 
Water 407 42 387 407 44 3556 626 203 5870 
Salt 139 81 287 346 187 2.861 665 614 6701 
Reduction in 
saltcontentC 68.3 46 23.2 36.6 75 12.1 31.9 43.46 2.56 
(0/0) 
Case ill Efficiency. 95 • 80 . 95 • 80 . 97 . 80 
Water 380 26 395 373 28 3565 516 133 5902. 
Salt 130 54 268 318 130 282.5 548 441 6639 
Reduction in 
salt contentC 70.3 64 28.3 41. 75 82.7 13.23 43.91 59.39 3.46 
(0/0) 
* 1972 Historical application efficiencies. 
a EAP is the application efficiency defined as the ratio between the crop evapotranspirati0n and the irrigation water delivered to the land for that purpose. 
For the various management cases, the water diverted was limited to that amount used historically; i. e., if the baseline practice was already at the selected 
efficiency level, that efficiency would prevail that m.onth. 
b Canal diversion includes the seepage return. 
c Percent reduction in salt outflow for each case is com.puted with reference to baseline salt quantity. 
Detailed Description of Model Results 
Palo Verde study area. The computed outflow represents 
the surface runoff, flow from the drains, operational spills, and 
tail-water runoff. Figure 11-35 depicts the results of the manage-
ment runs for the total surface outflow. It indicates that the base 
line situation representing current irrigation practice may not be 
greatly improved by the management levels te sted. In relation 
to this, the model aSSUITles a certain minimum value of application 
efficiency for each time increment (one month in this case). The 
base line situation has different efficiencies each ITlonth varying 
from 10 percent to 68 percent throughout the year. The model 
selects the minimum of the specified control level efficiency and 
the historic efficiency. The variability in historical efficienc y is 
very likely a significant factor contributing to the salt loading of 
the base line system. This would suggest that operational scheduling 
may indeed be a very important ITleans of reducing the salt pickup 
in such systems. The development of a model to test this manage-
ment alternative is strongly recommended. The objective of such 
a scheduling model would be somewhat different than a traditional 
irrigation scheduling ITlodel. The approach would be to accuITlulate 
salt in the soil profile during some periods and then flush it out 
at other times. The objective would be to minimize the total impact 
on the river system while still maintaining a salt balance in the 
agricultural domain.. The model would have to consider the buffering 
effect of reservoirs (if any) and upstream and downstream diversions 
as well. 
Grand Valley study area. The results of the model for the 
Grand Valley are shown in Figure 11-36. The results for the 
various irrigation management levels showed that all three options 
could improve the annual loading of the river. However, the 
mechanisms of the sources of salt pickup in this area are still 
being investigated as to the relative importance of canal seepage, 
irrigation leaching water, and weathering by groundwater. Even 
under assumed conditions of ITlaxiITluITl efficiency, the quantity of 
seepage water is greater than the expected quantity of deep percola-
tion. Studies are under way by the Bureau of Reclamation and 
Colorado State University that ITlay help to resolve some of the 
differences in hypotheses. An effort to evaluate the adequacy of the 
1972 data was made by operating the model with three years of data, 
1970, 1971, and 1972. The results are tabulated in Table 11-31 
and appear to be consistent .. 
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Figure II- 35. Predicted water and salt outflows resulting from 
irrigation management alternatives applied to the 
Palo Verde subbasin for water year 1972. 
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Figure 11-36. Predicted water and salt outflow's resulting from irrigation management 
alternatives applied to the Grand Valley subbasin for the water years 1970-1972. 
Duchesne study area. The Duchesne area is typical of some 
upper basin irrigation projects where sequential recycling of the 
diverted water makes up a significant part of the total diverted 
water. There are many diversion works for which only partial 
flow records are kept as well as some small storage facilities that 
cause regulatory effects do\vnstream for which sufficient data are 
not available for incorporating in the model. The base line condition, 
as calibrated, indicates that a salt imbalance may exist in the area; 
however, this may be the result of poor simulation of the quality of 
the seepage return flows that make up a significant portion of the 
ca na 1 di v e r s ion s . The res ea r c h ref err e d to in Gr a nd Va 11 e y rna y 
help answer this question, but without additional research and 
testing of the model hypotheses of salt pickup, a definitive assess-
ment cannot be made. If the model assumptions are valid, then 
the trends indicated by the management runs for the Duche sne basin 
would be valid even though the a bsolute numbers depicted may not 
be. The rnan:lgernent results are shown in Figure II-37 and show 
a reduction in salt loading for all three alternatives tested. These 
re sults a re cons iste nt with thos e of the one dirnen sional model. 
Table II- 3l. Grand Valley management tests with data for 1970-
1972. 
1970 1971 1972 
Canal Surface Canal Surface Canal Surface 
Diversion Effluent Outflow Diversion Effluent Outflow Diversion Effluent Outflow 
Water 
Baseline 
(1000 AP) 597 161 5363 629 173 5463 641 171 4391 
Salt 
(1000 tons) 418 653 3909 400 659 3638 546 750 3256 
Case I Water 451 96 5410 492 102 5498 531 112 3517 
Salt 301 386 3733 317 405 3450 451 532 3113 
Case II Water 345 57 5462 377 38 5533 407 44 3556 Salt 231 237 3646 243 143 3255 346 187 2861 
Case III Water 321 48 5471 350 25 5540 373 28 3565 Salt 216 203 3624 226 99 3223 318 130 2865 
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Figure II-37. Predicted water and salt outflows resulting from 
irrigation management alternatives applied to the 
Duchesne subbasin for water year 1972. 
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CHAPTER 4 
ECONOMIC BENEFITS AND COSTS OF SALINITY REDUCTIONS 
DAMAGES AVERTED BY SALINITY REDUCTIONS 
A.gricultural damages 
There have been a number of estimates of the damages that 
have and may be expected to occur from downstream agricultural 
use of the increasingly salty water in the Colorado Basin. The 
only comprehensive estimates have their roots in the work reported 
by the U. S. Environmental Protection Agency (1971) and by Sun 
(1972). These in turn are derived fro.m the work at the U. S. 
Salinity Laboratory at Riverside, California (Bernstein, 1964). 
The damages to agriculture are manifest in three ways. 
These are: a limitation on the types of crops that may be grown 
and irrigated; a reduction of crop yields as salinity levels increase; 
and, increased costs due to measures to avoid crop losses. The 
Bureau of Reclamation note s a number of pos sible actions by down-
stream irrigatorso All of these involve economic losses. 
The alternatives available to irrigation water users are 
influenced by the availability of additional water. The pri-
mary means of combating. detrimental salinity are to switch 
to salt tolerant varieties of crops or to apply more irriga-
tion water and leach out excess salts. 
(1) If the irrigator does nothing, he will suffer economic 
loss from decreased crop yields. 
(2) If additional water is available, root zone salinity may 
be reduced by increasing leaching \vater applications. The 
irrigator would incur increased costs for pur chase of water, 
for additional labor for water application, and for increased 
application of fertilizer to replace the fertilizer leached 
out. 
(3) If no additional water is available, the irrigator can 
increase the leaching of salts from the soil by applying the 
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same amount of water to lesser acreage. This, of course, 
results in an economic loss since fewer acres of crops can 
be grown. 
(4) By changing the management regime and applying alter-
native production practices, some salinity effects can be 
mitigated but only by incurring additional costs. These 
alternati ve s include drain installation, ditch lining, land 
leveling, deep plowing, planting bed modification, sprinkler 
and drip irrigation, and increased irrigation frequency. 
(5) The last alternative is to plant salt tolerant crops. An 
economic loss would usually occur since many salt tolerant 
crops ordinarily produce a lower economic return (USBR, 
1974). 
Damage estimates for irrigated agriculture have been made 
by the Bureau of Reclamation using the Sun (1972) model. Sun 
determined that for the 469,200 acres in Imperial Valley, there 
would be an estimated $16 per acre reduction in net farm income 
or a penalty effect of an average of 5 cents per mg /1 per acre per 
year if salinity were allowed to increase by 320 mg /1. The Bureau 
identified projects or irrigation districts where crop value data 
were available. Using the representative district or project data, 
they then determined the relative gross crop production values as 
compared to that determined by Sun for Imperial Valley. Damages 
were estimated as being proportional to the gross value of the crop 
in the Imperial Valley. Based on this procedure and by utilizing 
an economic" input-output model" as developed for the EPA study 
(EPA, 1971), the direct and indirect agricultural damages were 
calculated. See Table 11- 32. 
Young, Franklin, and Nobe (1973) note some shortcomings of 
the Sun model on which the Bureau estimates are based as follows: 
1) 'There is no attempt to establish a minimum leaching fraction 
to pre serve salt balance over a longer ter m. The leach-
ing fraction is selected on the basis of short-term profit 
and thus may underestimate long-term damages. 
2) The diversion requirements are overstated due to an 
err or in calculation. 
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Table ll- 32. Summary of estimate s of direct and indirect salinity 
impacts on agricultural user s by area. 
1 Total Salinity Cost Present salinity 
effects mg/l modified effect 
A.rea per acre per acre acres cost per 
mg /l/year 
Southern California 
Imperial County $ 16 $ 0.050 526,000 $ 26,300 
2 59 o. 148 40,000 7,500 Coachella Valley 
MWD (San Diego)3 65 0.203 32,500 6,600 
Palo Verde 16 0.050 103, 800 5,200 
Lower Main Stem 
Colorado River Indian 
Reservation 11 0.034 72,000 2,500 
Remainder Yuma 
County 23 0.072 146,000 10,500 
Gila Area 
Salt River Project 
4 9 0.028 50,700 1,400 (CAP area) 
Gila Proj ect 21 0.066 105,000 6,900 
TOTAL 1,076,800 $ 66,900 
Indirect effects - - o. 62 x 66, 900 41,500 
TOTAL $108,400 
lCost per mg/l per acre was based on Sun's 1972 study which pre-
dicted a crop response to change in salinity concentration of 320 mg/l. 
$16 
320 mg/l = $0.05 mg/l/acre. 
2Twenty percent of the irrigation water comes from wells. The 40, 800 
acres represent 80 percent of present modified acres. 
3Represents only the portion of agricultural lands which will not 
receive a blended water supply. 
4Based on full service ground-water exchange acre equivalent of 
the CAP area that can be served with Colorado River water. (5.72 
acre-feet per acre at canal side. ) 
Source: U. S. Dept. of the Interior /Bureau of Reclamation. Colorado 
River Water Quality Improvement Program: Status Report. 
January 1974, p. 32. 
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3) The model fails to predict crop acreages (as between 
crops) in a reliable way. Heavy water-using crops are 
minimized. 
4) There is no attempt to work out alternative production 
and water management practices such as use of sprinklers, 
additional drainage, or soil management methods. 
The EPA (1971) projects that the change in quality of water 
from 1960 to 2010 will amount to an increase from 759 mg/l at 
Imperial Dam to 1223 mg/l or an increase of 464 mg/I. Theyesti-
mate for this period that the increase in agricultural damages will 
amount to a total of $21,297,900 per year or $45,900 per mg/l/year. 
See Table 11-33. The EPA. study is based on accepting loss of in-
come through declines in crop yields because farmers would not 
likely take corrective action to combat rising salinity. They admit 
that their estimates of penalty costs or damages may be lower than 
being experienced at the present time. 
Table II- 33. Annual penalty costs for water quality degradation for 
water used in agriculture, Lower Colorado Basin, 
1960 to 2010, 
Agriculture 
Penalty Costs 
Direct 
Indirect 
TOTAL 
Lower 
Main 
Stem 
$1,000 
$ 2,423.0 
$ 2,237.2 
$ 4,660.2 
Southern 
California 
$1,000 
$10,072.1 
6, 194. 5 
$16,226.6 
Source: EPA, Appendix B, p. 156. 
Gila 
A.rea Total 
$1,000 $1,000 
$ 245.7 $12,740.8 
125.4 8,557.1 
$ 371. 1 $21,297.9 
By comparison, the USBR-Sun approach gives $108,400 mg/l/ 
year, or for the same 464 mg /1 increment, the los s in income to be 
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expected would be 464 x 108,400 ::: $50, 297,600. This difference 
is so large that some reasons must be evident. Price s of products 
are approximately equal, so that as Young, et ale (1973) point out, 
the major difference must lie in things like a reduced double-
cropping acreage and large (perhaps incorrectly excessive) water 
application on high value cr ops. 
Valentine (1974) has modified the USBR-Sun estimates to 
account for recent pr ojections that future water use s in the Upper 
Colorado River Basin and the accompanying impacts on the river's 
salinity will be due more to energy resource development than 
irrigated agriculture. He as sumed that there would be no control 
of salinity other than in those measures involved in use of the 
water. See Tables 11-34 and 11-35. 
Table 11- 34. Projected salinity detriments in Lower Colorado River 
Basin at Lake Mead and below .. 
Arizona, 
Nevada, Unit 
and salinity Salinity 
California detriments, increment 
total in dollar s at Total 
di ver sion per acre- Imperial salinity 
in 1, 000 foot per Dam, in detriment, 
acre-feet milligram milligrams in dollar s 
Year per year per liter per liter per year 
1980 7,227 0.025 80 14,000,000 
1990 8,719 0.025 200 44,000,000 
2000 8,770 0.0275 330 80,000,000 
Source: Valentine, 1974, p. 508. 
Note that the agricultural detriments listed in Table II .. 35 amount 
to a total of $129, 300 per mg/l/year, which is slightly above the 
USBR estimate. Since the agricultural detriments are slightly more 
than half the total in Table 11- 35, the agricultural damages are also 
a little less than half the damages listed in Table ll- 34. The previous 
comments on the USBR-Sun approach, of course, also apply to Valen-
tine estimates. 
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Table 11- 35. Computation of weighted average salinity detriment for 
year 2000 based on salinity increments at Imperial Dam. 
Diversions 
(1 ) 
Nevada,urban diversions at 
Lake Mead 
Nevada, urban diversions 
below Lake Mead 
California, Nevada border 
to Parker Dam 
Mis cellaneous urban 
Metropolitan Water Dis-
Annual 
diver-
sions, 
in 
acre-
feet 
(2) 
313, 000 
37,000 
5,000 
trict, urban 380, 000 
Metropolitan Water Dis-
trict, agricultural 60, 000 
Arizona, Lake Mead to 
Parker Dan 
Miscellaneous urban la, 000 
Miscellaneous agricultural 110, 000 
Central Arizona Project, 
urban 310,000 
Central Arizona Project, 
agricultural 1, 100, 000 
Arizona, Parker Dam to 
Headgate Rock Dam 
Urban 
Agricultural 
California, Headgate Rock 
to Palo Verde Dam 
Urban 
Agricultural 
California, Palo Verde Dam 
to Cibola 
Urban 
Arizona, Palo Verde Dam to 
Cibola 
Agricultural 
1,000 
720, 000 
60,000 
990,000 
5,000 
30,000 
California, Cibola to Imperial 
Dam 
Urban 
Agricultural 
Arizona, Cibola to Imperial 
Dam 
Urban 
Agricultural 
Totals 
14,000 
3,360, 000 
25,000 
1,240,000 
8,770,000 
Agri-
cultural 
detri-
ments, 
in 
dollar s 
per 
milli-
gram 
per 
liter 
( 3) 
1,000 
1,900 
18, 700 
12,200 
16,800 
500 
57, 100 
21,100 
Source: Valentine, 1974, p. 507. 
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Urban 
detri-
ments, 
in 
dollars 
per 
milli-
gram 
per 
liter 
(4) 
47,000 
5,600 
800 
57,000 
1,500 
46,500 
150 
9,000 
800 
2, 100 
3,800 
Ratio 
of 
salinity 
incre-
ment 
at 
diver-
sion 
point to 
Imperial 
Dam 
(5 ) 
0.63 
0.63 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.73 
0.82 
0.82 
0.82 
0.82 
1. 00 
1. 00 
1. 00 
1. 00 
Weighted 
detri-
ments 
(Cols. 3 
or 4 x 
Col. 5), in 
dollars 
per 
milli-
gram 
per 
liter 
(6) 
29,600 
3,500 
500 
41,600 
700 
1, 100 
1,400 
33,900 
13,700 
100 
8,900 
7,400 
13,800 
700 
400 
2,100 
57, 100 
3,800 
21, 100 
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Boster and Martin (1975) have recently estimated the d.amages 
that would occur in Pinal County, Arizona, if the water to be deliv-
ered from the Central A.rizona Proje ct were 1. 8 mmhos / cm salinity, 
(1200 mg/l given the expected chemical composition) rather than 
1. 4 mmhos / cm salinity, or about 940 mg/l. They conclude that if 
farmers are given the opportunity to adjust the cropping program 
the losses would amount to only $0.61 per acre, or $0.44 per acre 
foot delivered to the county. On a basis of dollars per acre foot 
:per mg/l as previously calculated, the loss was less than $0.002. 
They concluded that " ... the pos sibility of increased salinity from 
CAP water should not be of concern to farmers in the county. II 
OEe oH:er comment on the appropriateness of the USBR-Sun 
ap}t"'Jach derives frorn the fact that the per acre crop losses per 
mg /1 as signed to irrigation areas other than the Imperial Valley 
are proportional to the ratio of the gross values of crops per acre 
for the particular area as compared to the Imperial Valley. No 
consideration has been given to physical parameter s which might 
make a considerable difference in the response mechanism and 
resultant damages. A.s an example, it is well established that soils 
in the Imperial Valley are heavy in texture which leads to problems 
in drainage. Hence, the salinity damages may be relatively higher 
in the Imperial area, leading to an overestimate of damages in the 
USBR estimate. 
Table II- 36 is a summary of the drainage characteristics of the 
major irrigated areas in the Lower Colorado Basin. Note that ap-
proximately three-fourths of the area in the Imperial Valley is 
poorly drained. Other areas vary from less than half to only one-
tenth.. The effect of this can be demonstrated by Table 11- 37 which 
is derived from Robinson's work. It is thus obvious that if the pro-
portion of poorly drained soils is higher, the damages are greater 
by very substantial margins. 
Further work by the Bureau of Reclamation indicates that 
according to farm optimization models the previous Bureau of 
Reclamation (and Sun model) estimates of salinity damage projections 
for the Imperial Valley are close to current estimates. Additional 
work based on the Robinson-Jackson yield data for other areas con-
firms the lower values for other areas having better drainage 
(Kleinman, 1975). Since thi s additional work is not yet concluded, 
it is not pos sible to precisely estimate a damage function. 
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Table 11- 36. Clas sification of irrigated cropland by drainage char-
acteristics, Lower Colorado Basin. 
Area Well 
Coachellaa / 38, 030 
Palo Verdea / 28, 100 
San Diego Countya/ 9,054 
Gila and Yuma 
Projectsb / 114, 580 
Colorado River 
Indian Reser-· 
vation£/ 57,096 
Drainage Class 
Moderate Poor Very Poor 
(acres) 
2,450 3,270 250 
26,700 22,500 18,400 
17,739 8,028 
16,720 26,040 
32,778 15,860 
Total 
44,000 
95,700 
34,821 
157, 340 
105,734 
____ ~ ___ ~N_~~~ _____ ~~ __ ~~M- ____ ~_~~~ ________ ~~ ___ - ___ ~~~--~- _____ _ 
Holtville£'/ 
& Imperial Imperial c / 
Indio£/ Melo1and.£/ Stratified Complex Total 
Imperial Valle~/ 59,500 87,500 222,000 101,000 470,000 
al 
- Source: Frank E. Robinson. Salinity Management Options for the 
Colorado River: Agricultural Damage Estimates and 
Control Program Impacts. University of California, 
Imperial Valley Field Station, El Centro. 1974. 
bl 
- Source: Ernest B. Jackson. Salinity Management Options for 
the Colorado River: Agricultural Damage Estimates 
and Control Program Impacts. University of Arizona, 
Yuma Branch Station. Yuma. 1974. 
cl . 
- SOlIs named here are also generally c1as sified as well, moderate, 
poorly, and very poorly drained. 
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Table II- 37. Projected yeilds of alfalfa in Coachella Valley crops 
with 4 levels of sur face irrigation intensity and 
sprinkler irrigation on 4 soil drainage classes. 
A.lfa1fa in tons 
Number of Total dissolved solids in 
Drainage irrigations irrigation water, EEm 
class per year 900 1000 1100 1200 1300 1400 
Well 16 
22 
29 
35 A.ll value s 7. 6 
Sprinkler 
Moderate 16 7.6 7. 2 6. 9 6.7 6.4 6. 2 
22 7.6 7.6 7.4 7.2 6. 9 6. 7 
29 7.6 7.6 7.6 7.4 7. 2 6. 9 
35 7. 6 7.6 7.6 7.6 7. 6 7.4 
Sprinkler 7.6 7.6 7.6 7.6 7.6 7. 6 
Poor 16 6.2 5. 9 5.2 4.8 4. 5 4. 1 
22 6. 6 6. 2 5. 9 5. 5 5. 2 4. 5 
29 6. 6 6.2 5. 9 5.9 5. 2 4.8 
35 6. 9 6. 6 6.2 6.2 5. 9 5. 2 
Sprinkler 7.6 6. 9 6. 6 6. 6 6. 2 5. 9 
Very poor 16 5. 3 4.7 4.0 
22 6.0 50 3 4.7 4.7 
29 6.0 5. 3 4.7 4.7 4.0 .. 
35 6.0 6. 0 5. 3 5. 3 4.7 4.0 
Sprinkler 6.7 6. 0 6. 0 5. 3 4.7 4.7 
aDerived from Robinson, 1974, p. 32. 
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Municipal Damage s or Cost Increases 
Many estimates of municipal damages have been made. Various 
assumptions have been made as to the items affected and the nature 
of the reactions. The actions taken could range from developing 
new, higher quality water supplies to building central water soften-
ing plants or to doing nothing so that the residents would consume 
more soap and detergents or purchase home softening units or re-
place water facilities and appliances more frequently. The last 
assumption is most frequently taken in analyses of costs. The 
Bureau of Reclamation has compiled a summary of many of the 
estimates in columns 2 to 8 of Table II- 38. 
U sing their estimate s as shown in columns 9, 10, and 11 of 
Table 11- 38, the Bureau has estimated municipal damages on the basis 
of the same set of as sumptions as their agricultural damages in the 
previous sectiono The estimates add to $119,500 mg/l/year. See 
Table II- 39. 
By comparison, Valentine (1974) estimated annual urban damages 
to be $124, 300 per mg /1 for the year 2000 when the salinity was pro-
jected to be 300 mg /1 greater than in 1970. 
The EPA estimate was that municipal damages would increase 
to $3,564,000 annually by 2010. See Table II-40. In their estimate, 
the estimate for municipal damages reduces to 
$3,546,000 
464 = $ 7, 642 per mg /1 per year 
which is much less than the USBR estimate. 
Industrial Water Requirements and Processes 
The use of industrial water in the Lower Basin areas where 
quality is a deterrent is primarily for cooling and boiler feed. Min-
erals in boiler feed water causes scale formation on heating units, 
corrosion in the system, and also affects the quality of steam pro-
duced. In cooling systems, the mineral content affects corrosion 
and slime formation (USBR, 1974). Industrial users have the options 
of more extensive treatment of water supply or possibly purchase of 
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Table 11-380 Estimated salinity impacts. 
Orange Santa Ana Black and OSW Metcalf 
Cost Item/Report County watershed Veatch Report and Eddy 
779 
Purchase of cleaning agents 0.0880 0.0046 0.0600 0.1143 
Home water softener .0693 .0500 
Bottled water .0286 0.0100 .0600 .0100 .0091 
Water heater .0423 .0137 
Water piping and wastewater .0693 .0148 
Faucets and fixtures .0100 .0080 
Toilet mechanism .0020 .0050 
Garbage disposal .0100 
Clothes and dishwasher .0200 .0080 
Water damage .0030 
SWimming pool cleaning .0020 
Washable fabrtcs .0126 
Lawn watertng .0100 
Plumbing and appliances 
(composite) .0800 
Water utility system .0068 
Sewage facilities .0011 
Meter damage 
Central soften ing 
TOTAL 0.3445 0.0900 0.1446 0.1200 0.1234 
Source: USBR, op cit., p. 33. 
Orange 
De Boer County 
and Larson corrected by 
MWD 
0.0293 -
0.0122 
.0171 
.0047 
.0108 
}OOB6 
.0117 
.0007 
.0018 
.0056 
0.0293 0.0732 
Values for Values for Values for Low High 
lower main CAP area MWD area estimate estimate 
stem 
0.0050 0.0050 0.0050 0.0046 0.0293 
- - -
-
.0171 .0171 .0171 .0091 .0286 
.0137 .0137 .0137 .0047 .0423 
.0108 .0108 .0108 .Q108 .0310 
JOOB6 J0086 }aOB6 }aOO6 }at SO 
.0117 .0117 .0117 .0080 .0200 
- - -
-
-
- -
- -
- - -
-
_. 
- - -
- -
above above above - --
-
- - -
- - -
- --
- - - -
--
.0085 .0085 .0056 .0056 .0085 
0.0754 0.0754 0.0725 0.0514 0.1747 
Table 11-39. Summary of estimated salinity impacts on municipal 
user s. 
Area Damages 
Dollar s per mg /1 per year 
Metropolital Water District 85,600 
Central A.rizona Service A.rea 17,900 
Lower Main Stem Service A.rea 16,000 
Total 119,500 
USBR op cit. 
Table 11-40. Total municipal and industrial penalty costs projected 
for year 2010. 
Type of Lower Southern 
Penalty Costs Main Stem California Gila Total 
(In Thousands of Dollar s) 
Municipal 
Direct 779.0 2,239.0 3,018.0 
Indirect .22~ 506.7 546.0 
Total 818. 3 2,745.7 3,564.0 
Industrial 
Direct 410.2 102.6 512.8 
Indirect 14. 5 5. 5 20.0 
---
.---
Total 424.7 108. 1 532.8 
Source: EPA, Appendix B, p. 156. 
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additional makeup water as an alternative to maintaining the produc-
tion system as it was but incurring the costs. Their choice depends 
on the relative costs. 
The EPA estimate of industrial penalty costs given in Table 
11-40 ($532,800 per year) reduces to 
$532,800 
464 := $1,148 mg/l/year 
which compares to the U. S. Bureau of Reclamation estimate of 
$1,500 mg/l/year (1971). The Bureau actually utilized the EPA 
data and updated certain cost items. 
In a current study by d'A.rge (1975), preliminary indication 
from surveys of plumbing and appliance dealer s and contractor s 
are that values for salinity damages may be as high or higher than 
the Bureau of Reclamation estimates. The work of d t Arge is based 
on costs incurred in areas with high quality water versus the costs 
in areas where Colorado River water of lower quality is used. For 
this work, the U. S. Bureau of Reclamation synthesis will be utilized. 
ECONOMICS OF REDUCING SALT LOA.DING 
BY IRRIGATION MANAGEMENT 
The background data for the discussion of the economics of 
reduced salt loading are contained in Chapter 2. As noted there, 
irrigation efficiency is a key factor in the analysis of salinity dam-
age s. It was emphasized elsewhere in the report that irrigation 
efficiency is related in a critical way to control of the quantity of 
water applied. No irrigation technology is inherently more efficient 
than another.. The practical limits are from 70 to 80 per efficiency 
for surface, sprinkler, and drip systems. In actual farm operation, 
however, water control seems to be much better if sprinkler and 
drip systems are utilized than is the case with most surface irriga-
tion. 
Part of the reason may be found in the irrigation technique s 
themselves, and part may be explained in the way water is costed 
and allocated. If the water is pumped through a sprinkler system 
there is more incentive to limit the quantity applied than is the case 
where the water simply flows through a series of canals and ditches 
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at essentially zero operating cost. Once a sprinkler system is 
installed, the incremental cost of applying another unit of water 
is still substantial since the water must be pumped through the sys-
tem. In fact, the operating costs of irrigation will vary directly, 
although perhaps not quite proportionately, with the amount of 
water applied. This means that irrigator s utilizing sprinkler s 
have an economic incentive not to apply more water than is needed 
for maximum crop growth and this incentive conduces to greater 
irrigation efficiency. 
Most surface water rights grant the irrigator a proportionate 
share of the stream or a certain quantity per acre. The physical 
irrigation system is designed to accommodate that quantity of water. 
In these circumstances the incremental costs of applying more 
water than the plant needs by a gravity flow surface system are 
small and may be close to zero. Hardly any incentive exists to 
achieve high irrigation efficiency. 
If water were priced according to the quantity diverted for 
irrigation, rather than by flat rate as ses sments to cover a and M 
costs, as commonly is done in the West, there would also be an 
incentive to conserve on water use and to achieve higher irrigation 
efficiency. For all these reasons, it is believed that greater effi-
ciency would exist if sprinkler irrigation replaced surface methods. 
One of the most often proposed methods to increase irrigation 
efficiency is to convert to sprinkler irrigation. However, as was 
shown in Table II-II only two areas appear to have high potential 
for using reducing salt loading, the Gunnison River above Grand 
Junction, Colorado and the Colorado River above the Utah State 
line.. Irrigation efficiencies are 34 and 31 percent respectively, 
quite low compared to what could be achieved. The agricultural 
base leaching factors are high for both areas at 1. 24 and 1. 57 
tons per acre per foot of water respectively. Given the acreages 
under irrigation, the resulting salt loading is very heavy. Column 
13 of Table II-II suggests that only about seven percent of the irri-
gated acreage in these areas is irrigated by sprinkler irrigation. 
Both areas are prime agricultural areas, specializing in field crops, 
sorghum, fruits and tree crops. A reduction in irrigated acreage 
is not expected under current output and input price relationships. 
Thi s r ais e s the important que stion of whether changing the irrigation 
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technique s to increas e irrigation efficiency in order to reduce 
salt loading is really economically feasible. 
Costs of sprinkler irrigation. The costs of installing and 
operating sprinkler irrigation systems vary greatly, depending on 
climatic, physical, and economic conditions. In arid sections of 
the country (such as the Colorado River Basin), much more water 
must be applied to a given crop than would be the case if rainfall 
were more plentiful. Obviously, the more water applied, the higher 
the cost, as argued earlier. Some crops, such as alfalfa, require 
more water than other crops, such as small grains. 
The water supply source is also very important in determining 
costs. Surface water in canals, lakes, etc. can be pumped to a 
sufficient head to operate the sprinkler s much more cheaply than 
can ground water pumped from depths of several hundred feet. Total 
irrigation costs are also quite sensitive to fuel and power costs, 
which vary greatly in different regions of the country. Electricity 
rates, especially, are highly variable. In some places, diesel 
engine s cannot compete with electrical motor s, whereas in other 
areas they have a competitive advantage. 
The co sts of installing and operating the sprinkler irrigation 
system depends also on the type of system chosen and the scale (size) 
of the system. Generally, larger systems are capable of delivering 
a given quantity of water at lower cost than a smaller system, i. e. 
there are economics of scale. Some systems cost more to install 
because they are capital intensive, but the costs of operating them 
are smaller because they require less labor. And, of course, the 
reverse is true where capital costs are low and labor costs high. 
The optimal combination of installation and operating costs, and 
thus the type of system, depends on the relative prices of capital, 
labor, maintenance inputs, and fuel costs. 
The foregoing discussion makes it amply clear that it is diffi-
cult to generalize and suggest a set of sprinkler irrigation costs 
that will apply to the entire Colorado River Basin. About the best 
that can be done is to refer to various empirical studies that have 
been made and make some judgments about their applicability. 
Table II-41 contains data on sprinkler costs. Items (1), (5), 
and (7) give quite similar data, and would appear to apply rather 
well to the full-irrigation areas of the Colorado River Basin (CRB). 
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The annualized total costs run from $41 to $145, per acre, with the 
arithmetic mean being about $67" 
It has been estimated that average power costs ~ ~ for 
sprinkler irrigation in the CRB are about $ 301.1, labor costs would 
run from $5-20 per acre depending on the type of system, and 
maintenance costs would approximate $ 3. These data also are con-
sistent with those contained in Table 11-41 in references (5) and (7). 
A word should be said about the other sources of data in 
Table 11-41. The Robinson data (item 1) are interesting because 
they are the annual per acre prices of renting the sprinkling services 
from firms which make irrigation a business in California. These 
rental data are very similar to the cost data reported in Irrigation 
Age (item 7) but are lower than most of the Willardson (item 5) data. 
The Stegman (item 2) and Lacewell and Hughes (item 3) studies were 
made in North Dakota and Texas respectively and represent partial 
or supplementary irrigation situations, quite unlike those existing 
in the CRB. The Texas data obviously do not include the pumping 
costs from ground water aquifer s under the High Plains. The Strong 
(item 4) study in Utah was one of the most thorough ever done on 
sprinkler irrigation, but the cost data are now badly out of date. 
The Bullen (item 6) data represent only the equipment costs installed 
on two Cache Valley, Utah farms in 1975. 
The costs reported here are those that might be expected if 
presently irrigated land by surface techniques is converted to 
sprinkler irrigation. Bringing new land under irrigation might 
involve additional clearing cost as welL Our primary interest is 
to analyze the economics of converting to a new irrigation technique 
in order to effectuate water savings and reduce salt loading in the 
river system. A comparative study of installing surface or sprinkler 
systems on newly irrigated land involves additional considerations. 
The problem is to estimate the incremental cost of shifting 
from sur face to sprinkler irrigation. The equipment, installation, 
and maintenance cost of the sprinkler system should be included. 
1/ Estimated by Dr. Jack Keller, A.gricultural Engineer, Utah State 
Univer sity, Logan, Utah. 
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Table 11-41. Costs of sprinkler irrigation. 
Study 
1. Robinson 
2. Stegrnan 
3. Lacewell 
& Hughes 
Year 
of 
Data 
Type of 
Sprinkler 
Systeul 
1974 Sideroll 
1970-
1973 Pivot 
1969 Pivot 
1969 Sideroll 
Per Acre 
Annualized 
In stalla tion 
Costa 
$17.67 
$8.08 
Annual Annualiz ed 
Operating Total 
Cost per Acre Cost per Acre 
$2.38 
$3. 12 
$24 - 51 
$20.25 
$11. 20 
Annual Rental 
Cost per Acre 
$45 - 62 
tv 4. Strong 
~ 
1962 Portable 
Hand Moved $30 - 36 
$98 - 145 
$69 - 75 
$63 - 69 
$58 - 63 
00 
5. Willardson 1 
2 6. Bullen 
7. Irrigation 
Age 3 
1975 Solid Set $58 - 105 
1975 Center Pivot $29 - 35 
1975 Sideroll $23 - 29 
1975 Hand move $18 - 23 
1975 Side roll $13 - 17 
Gated pipe 
1975 with reuse $26 
1975 Tow Line $30 
1975 Traveler $35 
1975 Center Pivot $40 
$40 
$40 
$40 
$40 
$15 
$27 
$33 
$28 
$41 
$57 
$68 
$68 
1Data supplied by Lynlan VTillardson, _A gricultural Engineer, Utah State University, 1975. 
2 Data collected by Gardner from. Bullen's Inc., Logan, Utah, 1975. 
3 Data reported in Irrigation Age, May-June, 1975. 
aIrrigation system.s were assum.ed to have life of 15 years and the discount rate used to 
calculate annualized values was 8 percent. 
Only the labor costs that are additional to those involved in surface 
irrigation should be counted, however. Since the labor costs are 
so variable in sp.rinkler irrigation, depending on the type, it is 
difficult to generalize. Surface irrigation probably requires a 
higher quality of labor. It is perhaps not completely unr ealistic 
to assume the labor costs are roughly similar. Maintenance 
costs on an annual basis are probably about comparable also. In 
sum, it would appear that the incremental costs of converting to 
sprinklers would be from $23 to $127 per acre with an average 
of about $50 ($67 total sprinkler cost minus $15 labor cost minus 
$3 maintenance cost). Unless the farmer can capture about $50 
of additional benefits from converting, it is unlikely that he will do 
so without additional incentive. 
Benefits of sprinkler irrigation. The benefits to sprinkler 
irrigation are of two type s: (1) the cr op- yield effe cts and (2) the 
decrease in water diverted. Data on the yield effects are very 
sparse and the water diversion effects are very complex. They 
shall be discus sed in turn. 
Strong (Table 11-41 reference No.4) reports that sugar beet 
yields in Utah were 10. 1 per cent higher under sprinkler than with 
sur face irrigation. Better water contr 01 was the principal reason 
for the increase. Hanks, et aL (1974) report surface or sprinkler 
systems on new alfalfa yields were improved about 8 percent by 
sprinkling, oat yields increased by about 14 percent and corn silage 
about one-half percent. The costs of production could be expected 
to increase slightly with the higher yields, but not proportionately 
with revenues. It is apparent that crops whose yields are sensitive 
to water control will yield more incremental profit by conversion 
to sprinkling than those not so sensitive. 
One issue that makes water diversion effects through better 
water control so complex is the disparity that often exists between 
private and 'I social" benefits. I1S ocial benefits" is a term used to 
des cribe the benefits that accrue to the entire society, not just the 
irrigator. The latter's benefits are private benefits. If less 
water can be diverted because of more efficient irrigation techniques 
(or any other reason for that matter), that this rerouting in the river 
system could result in more water being available in the system to 
be utilized by other purposes. If such other purposes yield beneficial 
salt concentration as well as salt loading effects on downstream 
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users then someone in the system is made better off by the re-
routing of water via increased irrigation efficiency. 
Whether or not the irrigator who improves his efficiency is 
himself better off is determined by the nature of his water right, 
restrictions on water transfers to other owners, his land-water 
ratio, and the vigor of a water rights market. Obviously, some of 
the se factor s are interdependent. 
If the entitlement to water were in the form of a direct pur-
chase for so many acre-feet at a given price per acre foot, then 
better irrigation efficiency would simply reduce the acre-feet 
purchased and the irrigator could reduce his water cost. He would 
have an incentive to invest in more efficient practices so long as the 
marginal benefits of the investment exceeded the cost. 
Unfortunately, water is seldom allocated to irrigators in this 
fashion. The usual practice is for the state to issue a water right, 
which entitle s the irrigator to either a proportionate share of the 
flow of a stream or to a specified amount of water per acre of irri-
gated land. Some junior rights give entitlement to water in one of 
the aforementioned ways only after the senior rights have been 
fully satisfied. Under these allocating rules an irrigator may have 
no incentive whatever to reduce diversions. His water cost may 
not depend at all on the amount he uses. He may have an adequate 
supply of water under his present right to satisfy the needs of his 
crops at a very low irrigation efficiency. Of course, if he needed 
supplemental water for his cr ops, or if he had additional land that 
could be irrigated, then the situation would be conducive to irriga-
ting more efficiently. All of these considerations are internal 
to the farm and come under the management purview of the irrigator. 
Still the question must be answered as to whether less water is 
percolating through the soil and whether the combination of the con-
centrating and loading effects becomes better or wor see 
Alternatively, if the irrigator could sell off the water not 
needed on his farm, plenty of incentive would exist for increased 
irrigation efficiency. In the Colorado Basin States, however, the 
water right is generally limited to flbeneficial consumptive use" 
and there are re strictions on water right transfer s that change the 
point of diver sion. The reas on is straightforward. Water rights 
along a water course are interdependent and some rights are 
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dependent on the return flows of other rights. Selling off a 
right that would change the amount of water in the system might 
impair the rights of others and would likely be prohibited by law 
or by some administrative rule. If so, the effective market for 
water would be to other right holder s on the same system. And 
they may also have adequate water for their crop needs. 
Fullerton and Gardner (1968) studied a Utah case where water 
rentals developed among several irrigation companies. The value 
of "rented" water increased by $1. 84 per acre foot in real terms 
over that which existed when transfers were limited to the same 
company. This study clearly shows that transfer restrictions 
may limit the extent of the market, reduce the transfer value of 
water, and significantly reduce the incentive to conserve water. 
The transfer is sue is really coming into focus in the West be-
cause of competing uses for water. Anticipated energy development 
will require very large quantities of water, and some of it will 
likely have to be taken from current agricultural use. But at what 
terms? If more efficient irrigation practice s could legally lead to 
sales to energy developers at prices they seem to be willing to pay, 
the whole picture would be changed and the lack of incentive to 
irrigate efficiently would cease to exist. 
Some data were developed by subbasin to show the potential 
benefits of achieving an irrigation efficiency of eighty percent by 
sprinkler irrigation. These data are contained in Table II-42. The 
first three columns refer to the present situation with existing irri-
gation technology as respect to diversions, consulllptive use and irri-
gation efficiency. Column 4 indicates the amount of water that 
could be consumptively used, given the amount diverted, if efficiency 
were eighty percenL It should be emphasized that this is the quan-
tity that would be available for consumptive use. For crops to use 
this amount three conditions must presently exist: (1) crops are 
presently underirrigated, (2) crop alternatives that require more 
water are economically superior to presently irrigated crops, and 
(3) additional acre s are available for irrigation. If the se conditions 
exist, the additional water available for use would be the difference 
between consumptive use at eighty percent in column 4 and present 
consumptive use in column 2. Because it is believed that they do 
not commonly exist, however, diver sion reductions were calculated 
in a different way. 
2.51 
Table II -420 Reduction in water diver sian i£ irrigation 
efficiency is 80 per cent. 
=--===========================================================-===-----====:::-::=----==========---:::=::=:::==---===========--=====:::::--= 
ConSUI11ptiv0 
Diver~ion llse Irru2,ation 
~~~~~!.!'- _lJI:2 .. "-1:£.. _XV.-.:2.<:2:£__ ~_~£.i~i.£.~ 
Ulvil 
U,,12 
UM7 
UM9 
UMIO 
U,,1l1 
UM12 
UMll 
C)'11-1 
UGl 
UG2. 
UG.l 
UG-1 
UG6 
UG7 
UGH 
CGq 
('(;)0 
"11 
UGU 
UG13 
UGl-1 
UG15 
UGlb 
UGl7 
UGlS 
~. 0 
7.5 
5.2 
5.0 
2.13 
l.2 
3. 3 
9. I 
7.0 
7. -I 
2.8 
-1.-1 
3.9 
5.0 
3.5 
3. -1 
3.7 
D.O 
2.2 
3.9 
S,.: 
1.+ 
'').2. 
3.3 
6.5 
-1.1 
6.0 
3.5 
3.3 
4.0 
1. l 
2.0 
1.9 
2.1 
1.7 
2.3 
1.3 
1.-1 
2.3 
2.4 
2. 3 
2.2 
2. -I 
2.0 
1.1 
1.2 
1.6 
1.7 
1.3 
loS 
2.0 
1.9 
1.7 
2.2 
2. a 
2.0 
2.0 
2.1 
2.2 
2.0 
2.0 
· 32 
.27 
.3() 
· -12 
.60 
.72 
.20 
· -12 
· 25 
.34 
.31 
· 7~ 
.5-1 
· 51 
.22 
· 3-1 
.-17 
.46 
.22 
.68 
· 51 
.37 
.39 
.42 
.61 
.31 
.49 
.3S 
.63 
.53 
• SO 
ConSUl11ptiVQ 
Us t.:' of bO'~;J 
.!iEiR-,-~£.i~.!. 
3.2 
6.0 
-I. 2 
4.0 
2.2 
2. G 
S.l 
2. () 
7.3 
5. C 
S.9 
2.2-1 
3.5 
3.1 
4.0 
2.8 
2.7 
3. a 
4.8 
1.8 
3.1 
4.1 
3.5 
4.1 
2.6 
S.2 
3.3 
4.8 
2.8 
3.0 
3.2 
Reduction in Annual Value of 
Wilter Diverted l Water at $5 
~~~ Per Acre Foot 
2.4 
5.0 
2.8 
2. -1 
0.7 
0.3 
4.8 
I.b 
6.2 
4. a 
4. S 
O. OS 
1.4 
1.4 
3.6 
2.0 
1.4 
1.6 
4.4 
0.3 
1.4 
2.8 
2.3 
2.4 
0.8 
4.0 
1.6 
3.4 
0.8 
1.3 
1.S 
12.00 
25.00 
14.00 
12.00 
3. SO 
1. 50 
24. 00 
8.00 
31. 00 
20.00 
22.50 
0.25 
7.00 
7. 00 
18. 00 
10. 00 
7. 00 
8.00 
22.00 
1. SO 
7. 00 
14. 00 
11. SO 
12.00 
4. 00 
20. 00 
8.00 
17.00 
4.00 
6. SO 
7. SO 
252 
Annual Valuc' of 
Water at $10 
...£.;:2:....6.£Ic Foot_ 
2-1. 00 
SO. 00 
28. 00 
2-1.00 
7.00 
3. 00 
48.00 
16. 00 
62.00 
40. 00 
4S. 00 
0.50 
14.00 
14. 00 
%. 00 
20. 00 
).t.00 
1 b. 00 
.. 4. 00 
3.00 
14. 00 
28. 00 
23.00 
24.00 
8. 00 
40.00 
16.00 
34.00 
8.00 
13.00 
IS.00 
Table 11-42. 
-._._----_ .. 
Dl \'~~ r s ion 
Subbasin ~J:j--,~~ 
l'SI S.9 
I'S2 4.0 
CS3 5.7 
US4 4.7 
US5 4.9 
US" 5. 3 
US7 4.0 
LMI 3.0 
LM2 4.5 
LM3 b.O 
LM4 5.0 
LM5 ().O 
LMb 8. 5 
LM7 8.5 
LM8 8.5 
LLl 5. a 
LL2 4.0 
LL3 3.5 
Reduction In water diver sion if irrigation 
efficiency is 80 percent (continued), 
Consurnptive Consurnptive Reduction in Annual Value of Annual Value of 
Lsc 1 r ri~ation Use of 80",~ Water Diverted l Water at $5 Water at $10 
Ftl Acre Effi~~~ !2:1:ig~ Effie. _ HI Ac_rc_' __ ~E Acre F-.9~ PcrA~ 
I.H 
· 31 4.7 3. (, 18.00 3".00 
1.7 .43 3.2 1.9 9.50 19. 00 
2.4 .42 4. (, 2.7 13.50 27.00 
2. h .55 3. S 1.4 7.00 14.00 
2. u · (,5 3.2 0.7 3. 50 7.00 
2.7 .51 4.2 1.9 9.50 19.00 
2.3 .53 3.2 1.1 5.50 11. 00 
4.5 1. 2.4 -2.63 
4. 5 1. 3.6 -1. 13 
4.5 .75 4.8 0.4 2.00 4.00 
-L 5 .90 4.0 O. G 3.00 b.OO 
4.5 .75 4.8 0.4 2.00 4.00 
4.5 .53 G.8 2.9 14.50 29.00 
4.5 
· 53 b.8 2.9 14.50 29.00 
4.5 .53 6.8 2.9 14.50 29.00 
4. a .80 4.0 0.0 
4.0 1. 3.2 -1. 0 
4.0 1. 2.8 -1. 5 
1 R"d letinn in water diverted here is Calculated by assuming thet the consumptive use of the water by plants is 
fixed and that the alTIOunt necessary to divert to give the amount of consumptive use at 80"70 irrigation efficiency 
is subtracted from the amount actually diverted. The calculation proceeds in two steps: Da - Db = Dr where 
Dr 0 diversion reduction, Da = amount of water actually diverted, Db = amount of water that would have to be 
diverted if 80% irrigation efficiency were achieved, and Db = 0.8 CU, where CU = alTIOunt of water consumptively 
used by plants. 
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It was as sumed that the pre sent cropping patterns are eco-" 
nomically optimal and that pre sent consumptive use requirements 
are constant at different irrigation ef£iciencie s. The higher effi-
ciency would mean that smaller quantitie s of water would need to 
be diverted. Of course, as pointed out above, what disposition is 
made of the water is a complicated que stion. 
Reductions in water diverted are found in column 5 and vary 
from 0 to 6.2 feet per acre as among subbasins. But what is this 
water worth, both to the irrigator and to society? The actual 
amount is highly variable as among geographic areas and among 
individual farmers. In addition to the factors discussed above, 
the value depends on the profitability of agricultural production in 
the future e This in turn will depend on agricultural product prices 
and costs of production. Opinions vary greatly on these issues. 
A value for water used for irrigation is estimated based 
on the best empirical information available. It is difficult to gener-
alize even on this limited is sue for the Colorado River Basin as a 
whole. In the upper reaches of the Upper Basin where water is 
used to flood native pastures, the value per acre foot may be as 
low as one dollar. In the Imperial Valley in California it seems 
to be worth $20 and even more. It is significant, however, that 
the greatest potential improvements in efficiency due to the installa-
tion of sprinkler systems are in the Upper Basin (see column 5 
of Table II-42) where water values are on the low end of the scale. 
In any case, the final two columns of Table 11-42 show the value of 
water assuming that water is priced at five and ten dollars, respec-
ti vely. 
From the section on costs above, it was determined that the 
average annual incremental cost of installing and operating a sprink-
ling system is about $50 per acre. At, say $5 per acre foot the 
total value of the amount of water by which diver sions could be 
decreased would not even approximate $50 per acre. At a price of 
ten dollar s per acre foot converting to sprinkler systems in the 
Eagle River and the Uncompahgre River Subbasins could generate 
a situation where individual users might wish to sell part of their 
right to divert that would cover the sprinkler cost. Other areas 
are fairly close, such as in the Upper Main Stem and the Upper 
Green Divisions with per acre values above $40 with water priced 
at $10. It is rather unlikely, however, that water could be worth 
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$10 per acre foot in most of these subbasins, unless it could be 
sold to energy developers. 
If the yield effects could add $10 to $20 per acre per year, 
the economic feasibility of sprinkling would be more likely. But 
even so, if water is valued at $5, only in a few cases would the 
pri vate benefits exceed the incremental sprinkler costs. In any 
case there would almost certainly be legal constraints on a change 
in place of diversion which reroutes the river. The decrease in 
return flows· might destroy the base on which other water rights 
are based. 
The conclusion is that if the social benefits are sufficiently 
great to warrant increasing irrigation efficiency by adoption of 
sprinkler irrigation, the change will have to be forced or it will 
be necessary to subsidize the irrigator to make it financially 
attr acti ve. 
Sprinkler cost effectiveness. In Table II-43 the possible 
universal application of sprinklers or (change in technology) is 
reduced to cost effectiveness in reducing salt. Total annualized 
cost is about $95, 630,000. Investment costs would be several 
times this amount at about $400 per acre. Based on the one-
dimensional river model total salt reduction could range from 
310,000 to 516,000 tons per year depending on the year being pro-
jected. In this analysis and in subsequent ones in this Chapter, 
the t1 most likely' projection of development by the Salinity Forum 
is used. The average cost per ton of salt removed per year ranges 
from $185 to $308 depending on the year of projection. This is a 
very high cost compared to other options. Even the desalting com-
plex proposed in connection with the International boundary dispute 
is scheduled for removal of 560, 000 tons of salt per year at a cost 
of about $30 per ton (Office of Saline Water, 1973). Howe and Young 
(1975) have calculated the income impacts of removing salt by 
phasing out the least profitable lands in Grand Valley and the 
Uncompahgre Basin (Lower Gunnison) at $13.50 to $27 per ton of 
salt. 
Canal Lining to Increase Delivery Efficiency 
Canal lining is also expensive. Several available estimates 
indicate a cost up to $100,000 per mile. The Bureau of Reclamation 
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Table 11-43. Cost effectivenes s of sprinkling invest.ment and use in reducing salinity, 
Colorado River by river nodes. 
Irrigated Salt Reduction at Imperial Dam in Tons and Annual Cost Per Ton 
Irrigated Acres not Annual 
Acres Presently Cost @ 1977 1983-5 1990 -2000 
River Node (x 1000) Sprinkled $50/acre 
(x 1000) (x $1000) Tons $/ton Tons $/ton Tons $/ton 
(x 1000) (x 1000) (x 1000) 
Green River, Wyoming 195.9 188.1 9,405 40 235 41 229 40 235 
Greendale, Utah 105.4 101. 2 5,060 10 506 562 10 506 
Randlett, Utah 192.9 177.5 8,875 51 174 54 164 54 164 
Green River, Utah 212.3 197.5 9,875 36 274 40 247 47 210 
San Rafael, Utah 39.3 36.2 1,810 21 86 21 86 21 86 
Glenwood Springs, Colo. 119.4 111.0 5,550 14 396 14 396 14 396 
Cameo, Colorado 84.2 78.3 3,915 489 489 435 
Grand Junction, Colo. 261.5 243.2 12,160 18 676 20 608 19 6-10 
Cisco, Utah 153.8 143.1 7,155 12 596 13 550 14 511 
N Archuleta, N. Mexico 76.3 71.0 3,550 591 444 507 
Ul Bluff, Utah 170.5 153.2 7,660 34 225 63 122 95 81 0' 
Lee's Ferry, Arizona 44.3 40.8 2,040 255 227 255 
Grand Canyon, Arizona 33.0 32.0 1,600 800 800 2 800 
Littlefield, Arizona 34.0 31.3 1,565 23 68 23 68 23 68 
Below Hoover Dam 125.0 120.1 6,005 1,201 1,201 1,201 
Below Parker Dam 25.0 24.2 1,210 151 10 121 13 93 
Below Imperial Dam 169.0 163.9 8,195 14 585 73 112 135 61 
TOTAL 95,630 310 413 516 
A'VERAGE 308 231 185 
indicates for the Grand Valley that the cost would be about $82, 500 
per mile (USER, 1974)e These are generally large canals and lat-
erals which must use rnajor structures (road crossings, turnouts, 
etc.). The Colorado State University team working in the Grand 
Valley has estimated costs at about $31, 600 per mile (Skogerboe 
et al., 1972). Many of these would be done by the gunnite (spraying) 
process and other feeder canals and laterals are included. Certain 
planning and engineering costs may not be included. 
The U. S. Department of Agriculture in a study in the Beaver 
River Basin in Utah has estimated costs between $30, 000 and $40, 000 
per mile for several parts of the basin (USDA., 1973). Engineering 
cost estimates for the smallest kind of lateral without any structures 
indicate a cost of about $10, 000 per mile. In making the estimate s 
it is evident that the data developed from the census of Irrigation 
as used in this study includes many smaller laterals. For instance, 
the Bureau of Reclamation's data on Grand Valley, Colorado con-
sidered 715 miles of canals and laterals (USER, 1974). The Census 
data included approximately 1600 miles. 
Considering the various estimates and recognizing that each 
area will have different physical conditions and economic situations, 
it was decided to use a range of likely value s. The following table 
(Table 11-44) indicates costs per acre irrigated assuming both $30, 000 
per mile and $40, 000 per mile of lining. Note that in the Upper 
Basin (where almost all of the salt reduction could occur) these 
costs per acre range from about $72 per acre to $842 per acre 
depending on the cost as sumption and area.. The average for the 
whole basin would be about $200 per acre, or a total of between 
$376 million and $502 million, depending on cost assumption. 
The data in Table II-45 gives the reduction in salt in the 
river due to canal lining which was taken from our one-dimensional 
model of the river with conditions projected to 1977, 1983-85, and 
1990-2000. The total salt reduction would range from 1,398, 000 
tons per year to 1, 755, 000 tons per year depending on time frame 
of the projection. From these data it is apparent that most of the 
effect could come from a limited set of basins. Also shown are the 
investment costs in dollars per ton of salt removal. The averages 
range from about $214 per ton to $356 per ton. Converting these 
to annual costs gives a range from $13 .. 57 per ton to $30.11 depend-
ing on cost assumption, interest rate assumption, and year of 
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Table 11-440 Cost of canal lining, Colorado River Basin by river nodes. 
River Node 
Green River, Wyoming 
Greendale, Utah 
Randlett, Utah 
Green River, Utah 
San Rafael, Utah 
Glenwood Springs, Colorado 
CaTneo, Colorado 
Grand Junction, Colorado 
Cisco, Utah 
Archuleta, N. Mexico 
Bluff, Utah 
Lee's Ferry, Arizona 
Grand Canyon, Arizona 
Littlefield, Arizona 
Below Hoover Darn 
Below Parker DaTn 
Below Imperial Darn 
TOTAL 
AVERAGE 
Subbasin 
Numbers 
UGl, UG2, 
UG3, UG4, 
UG6 
UG7, UG8 
UG13, UG14 
UGlO, UG9, 
UGll, UG12, 
UG15, UG16, 
UG17 
UG18 
UMl, UM2, 
UM3 
UM4, UM5 
UM7, UM8, 
UM9, UMIO 
UM6, UMl1, 
UM12. UM13 
US1, US2 
US3, US4, US5, 
USb, US7 
UM14 
LL1, LL2, 
LL3, LMI 
LM2 
LM3, LM4 
LM5, LM6 
LM7 
Annual Cost @ 8% for 40 years (.0839) 
Annual Cost IS'! 55/8% for 40 years (.0633) 
Irrigated 
Acres 
(x 1000) 
195.9 
105.4 
192.9 
212.3 
39.3 
119.4 
84.2 
261. 5 
153.8 
76.3 
170.5 
44.3 
33.0 
34.0 
125.0 
25.0 
169.0 
2,191.8 
Miles of 
Unlined 
Canal 
469 
267 
1200 
1208 
300 
916 
645 
1740 
2180 
701 
1291 
933 
202 
52 
134 
84 
219 
12,541 
Total Cost of Lining 
All Unlined Canals 
$30,000/mile 
(x $1000) 
14,070 
8,010 
36,000 
36,240 
9,000 
27,480 
19,350 
52,200 
65,400 
21,030 
38,770 
27,990 
6,060 
1,560 
4,020 
2,520 
6,570 
376,230 
31,566 
23,815 
$40,000/mile 
(x $1000) 
18,760 
10,680 
48,000 
48,320 
12,000 
36,640 
25,800 
69,600 
87,200 
28,040 
51,640 
37,320 
8,080 
2,080 
5,360 
3,360 
8,760 
501, 640 
42,088 
31,754 
Cost of Lining Canals 
Per Acre Irrigated 
$30,000/mile 
($) 
72 
76 
187 
171 
229 
230 
230 
200 
425 
275 
227 
632 
184 
46 
32 
101 
39 
172 
14 
11 
$40,000/mile 
($) 
96 
101 
249 
228 
305 
307 
306 
266 
567 
368 
303 
842 
245 
61 
43 
134 
52 
229 
19 
14 
N 
lJ1 
...0 
Table 11-45. 
River Node 
Green River, Wyo. 
Greendale, Utah 
Rnadlett, Utah 
Green River, Utah 
San Rafael, Utah 
Glenwood Springs, Colo. 
Cameo, Colo. 
Grand Junction, Colo. 
Cisco, Utah 
Archuleta, N. Mexico 
Bluff, Utah 
Lee's Ferry, Arizona 
Grand Canyon, Arizona 
Littlefield, Arizona 
Below Hoover Darn 
Below Parker Darn 
Below Imperial Darn 
TOTAL 
AVERI,GE 
Cost per ton of reITloving salt by lining canals by river node, Colorado River 
Basin. 
Salt Reduction at lInperial Darn and Investment Cost Per Ton 
1977 1983 -85 1990 -2000 
Investment Per Ton Investment Per Ton Investment Per Ton 
Tons Removed @$30,000/mile @$40,000/mile Tons Removed @$30,000/mile (!'!!$40,000/mile Tons Removed @$30,000/mile @$40,000/mile 
(x 1000) (x $1000) (x $1000) (x 1000) (x $1000) (x $1000) (x 1000) (x $1000) (x $1000) 
25 
139 
148 
49 
44 
71 
231 
337 
17 
171 
127 
16 
1,398 
562.8 
1001. 2 
259.0 
244.9 
183.7 
624.5 
272.5 
226.0 
194.1 
1237.1 
226.5 
220.4 
378.8 
195.0 
360.0 
750.4 
1335.0 
345.3 
326.5 
244.9 
832.7 
363.4 
301.3 
258.8 
1649.4 
302.0 
293.9 
505.0 
260.0 
480.0 
25 
144 
175 
49 
44 
71 
231 
337 
16 
305 
127 
16 
1,550 
562.8 
890.0 
250.0 
207.1 
183.7 
624.5 
272.5 
226.0 
194.1 
1314.4 
127.0 
220.4 
378.8 
195.0 
280.0 
750.4 
1186.7 
333.3 
276.1 
244.9 
832.7 
363.4 
301. 3 
258.8 
1752.5 
169.3 
293.9 
505.0 
260.0 
373.3 
26 
145 
214 
49 
44 
70 
248 
339 
17 
467 
127 
16 
1,755 
541. 2 
890.0 
248.3 
169.3 
183.7 
624.5 
276.4 
210.5 
192.9 
1237.1 
82.9 
220.4 
378.8 
195.0 
280.0 
721.5 
1186.7 
331. 0 
225.8 
244.9 
832.7 
368.6 
280.6 
257.2 
1649.4 
110.6 
293.9 
505.0 
260.0 
373.3 
Annual Cost \!!! 80/0 for 40 years ($/acre) 
Annual Cost @ 5 5/8% for 40 years ($/acre) 
269.1 
22.58 
17.03 
358.8 
30.11 
22.71 
242.7 
20.36 
15.36 
323.6 
27.15 
20.48 
214.4 
17.99 
13.57 
285.8 
23.98 
18.09 
projection. Selection of the area in which to emphasize this program 
might effectively be based on selecting the regions where investment 
costs per ton of salt reduced is lowest. 
Comparison of Methods of Salt Reduction 
The tons of salt reduced by the canal lining investment and 
sprinkler irrigation technology were reduced to estimates in changes 
in mgll at Imperial Dam in the river model. The physical effect 
of thes e pr actice s is shown in Table 11- 46. The costs per unit 
(mg II) for this reduction are shown in Table 11-47. 
Table II- 46. Reduction in mg II of salinity at Imperial Dam due to 
agricultural practices. 
Practice 
Canal lining 
Sprinkler irrigation 
1977 
mgll 
113 
23 
1983-85 
mgll 
136 
35 
1990-2000 
mgll 
172 
49 
These estimates are broad approximations, but it appears that 
many of the costs for reduction of salts exceed the combined munici-
pal, industrial, and agricultural damages which sum to approximately 
$200, 000 per mg II per year. 
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Table 11- 47. Annual costs of reducing salinity by one mg /1 
at Imperial Dam by agricultural practices. 
Practice Annual Costs of one mg/1 Salinity Reduced 
1977 1983-85 1990-2000 
$ $ $ 
Canal lining 
@$30, OOO/mile 
@ 8% intere st $ 279,350 $ 232,100 $ 183,520 
@ 5 5/8% interest 210,750 175,110 138,460 
@$40, 000 /mi1e 
@ 8% intere st 372,460 309,470 244,700 
@ 5 5/8% interest 281,010 233,490 184,620 
Sprinkler irrigation 4,157,830 2, 732,290, 1,951, 630 
There are a number of methods of approaching the control 
of return flows, and thereby altering salinity. Costs of capital in-
tensive measures including those just mentioned are presented 
first in Table 11-48. 
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Table II-48. Cost comparison of capital intensive methods of salt 
reduction. 
Method 
Sprinkler (average of 
all applications) 
Canal Lining (average 
for lining all presently 
unlined canals) 
a/ Paradox Valley Program-
a/ Grand Valley Program-
Las Vegas Wash (desalt-
ing or evaporation)~ 
La Verkin Springs~1 
Cost per ton 
of salt 
removed 
$/ton 
$185-308 
14- 30 
9 
24 
30- 38 
31 
Cost of reduction 
one mg/l at 
Imperial Dam 
$/rng/l 
$1,952,000-4,158,000 
138,000- 372,000 
100,000 
258,000 
333,000- 408,000 
356,000 
(For comparison, the following data are given for a point below the Lower 
Basin diversion points, but which is to improve quality of water flowing 
to Mexico) 
Inter national B ounda-sl 
Desalting Complex- 30 
2;./ U. S. Bureau of Reclamation,op. cit., p. 40. 
333,000 
!;:../ Office of Saline Water and U. S Bureau of Reclamation. U. S. Depart;.. 
ment of Interior, Colorado River International Salinity Control Project, 
Special Reports 19,20 (1973). 
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At least the Paradox, Grand Valley, and Las Vegas Wash 
estimates in the foregoing table need to be tempered to account for 
natural salinity that would occur in the ab sence of pre sent irrigation 
practices. Thus, the costs are likely underestimated. 
In Table 11-49 several irrigation management and related 
on-farm changes which are not so capital intensive are compared. 
Some of these practices seem to be efficient. However, the problem 
of private incentives still remains. It seems likely that an individual' 
would not find it to be in his own intere st to incur the costs of im-
proving his water management practices since he cannot capture 
the benefits of doing so. 
Table 11-49. Comparison of estimated costs of on-farm manage-
ment methods of salt reduction, 
Cost of reduction of one 
Method mg II at Impe rial Dam 
Grand Valley Irrigation Managemen~1 $ 15,000- 24,000 
Grand Valley Selective Cropland 
Retiremen~1 100,000-150,000 
Grand Vall:! Change in Cropping 
Pattern- 200,000-750,000 
USBR Irrigation Management Programbl 7,000-125,000 
~I K. L. Leathers and R. A .• Young, Economic Evaluation of Non-
Structural Measures to Control Saline Irrigation Return Flows paper 
presented at Western Agricultural Economics Association Meetings, 
Reno, Nevada, July 20-22, 1975 . 
.:2.1 U . S. Bur eau of Re clamation, Shut off the Water: the Root Zone 
is fulL USBR Engineering and Re search Center, Denver, Colorado, 
1974. The first estimate is based on a cost of $3.00 per acre for 
applying the program. It assumes that irrigation efficiency is 
increased from 44 to 55 percent. This reduces application by 11 
inches and reduces salt pickup by five tons per acre. The second 
estimate is based on a cost of $11. 50 per acre foot of water delivery 
which can be reduced. Both estimate s are given in the report. 
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IMPACTS OF INVESTMENT AND ANNUAL COST BURDENS 
It has been ar gued earlier that sprinkler irrigation and con-
crete canal lining are two ways that salt loading in the Colorado 
River system can be reduced. The per acre capital costs for in-
stalling sprinklers runs from about $110 to nearly $900 depending 
on type of system and pumping depth, with the average at about 
$425 per acre. Canal lining costs per acre are calculated from $72 
to over $600 in the Upper Basin with the average somewhere around 
$250. For each practice, the per acre capital costs are very large 
compared to the agricultural value of the land, and this raises the 
question of whether or not the irrigators could possibly raise the 
nece s s ar y funds. 
There are two sorts of questions involved: 1) the financial 
feasibility of making the inve stment, and 2) if feasible, could the 
funds be acquired from existing financial institutions? Obviously, 
the two questions are interrelated. 1£ the investment cannot gener ... 
ate enough returns to the irrigator to cover the costs, neither he 
nor a funds lender would have much intere st in the project without 
public subsidy. 
The private returns from converting to sprinkler irrigation 
in the Upper Basin where salt loading is serious would not cover 
the costs, except in unusual circumstances. The same is likely 
true for canal lining and for the same reasons. Most canal lining 
in the past has been done with the government sharing the cost in 
the for m of a ACP payment. 
The capital problem is greatly compounded by certain socio-
economic factors peculiar to the CRB. In the Upper Basin, farms 
tend to be small in terms of value of annual sales. In Duchesne 
County, Utah, for example, 27 percent of the farms had gross sales 
of less than $5,000 per year in 1969. About 55 percent had sales 
of less than $10,000 per year. Only 22 percent had sales over 
$20,000 per year. The average per farm was only $11,095. Farm 
expenses must be subtracted from this total to arrive at net income. 
By almost any standard, this is a very low income base to support 
the large investments being discussed. The fact that five of 16 
subregions in the Colorado River Basin, almost all rural regions, 
lost population between 1950 and 1970 attei3ts to the economic pre-
cariousness of farming~ In Mesa County, Colorado, another county 
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selected for closer study, the situation is even slightly worse. 
Nearly 60 percent of the farmer s had sale s of Ie s s than $10, 000 
per year, and 34 percent had sales less than $5, 000 per year. 
Part of the explanation lies in the fact that minority ethnic 
groups are very prominent in the Region, and significantly, in 
those areas where salt loading is heavy. Over 16 percent of the 
population in the entire Basin is Spanish-American, and 13 of 16 
subregions have significant Spanish-American populations. There 
are nearly 300, 000 A.merican Indians in the Basin, and over half 
are living on 30 reservations. Both groups are predominantly in 
agriculture, where the irrigated land-labor ratio tends to be very 
low. These citizens are relatively disadvantaged by almost all 
social and economic indicator s. They are not served as well 
either by private funding institutions such as commer cial banks, 
credit unions, savings and loan associations, etc. A.ny mandatory 
investment in irrigation technology or water saving practice would 
impose a tremendous hardship on this segment of the population, 
particularly if it were financially infeasible. Many would be forced 
out of busine s s and levels of living would be sub stantially reduced. 
Already more than a third of the population lives below the poverty 
level in the Little Colorado subregion, with approximately 20 percent 
below in the Upper San Juan and Colorado San Juan subregions. This 
kind of additional financial burden could only worsen their compara-
ti ve economic positiono 
The tribal social environment complicates the situation for 
Indians on the reservation. On the one hand, tribal monies are 
often available for inve stment purpo se s in sizeable quantitie s, but 
there are always alternative uses for these funds, and the alternatives 
may have better payoffs. But, on the other hand, tribal decision-
making is often fragmented and there is a tenuous relationship 
between j oint action at the tribe level and pri vate incentive and 
responsibility at the individual level. It is not clear whether the 
tribal organization of investment and economic activity would 
strenghten or weaken the ability of the Indians to manage invest-
ment in water saving practices. 
It is difficult to believe that farmer s simply could be required 
to inve st in sprinkler systems or canal lining without sacrificing 
much of the agricultural production in the se areas. Some farmer s 
would be forced out of busines s. A.griculture is a very competitive 
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industry and existing profits are at best only normaL Any unex= 
pected increase in cost of obtaining irrigation water may reduce 
land rents to some extent without driving agricultural land out of 
production. But if costs sharply rise relative to other competing 
agricultural areas long run adjustments must occur, and some 
agricultur al pr oduction will undoubtedly be sacrificed. 
If reducing the profitability of agricultural pr oduction by such 
an arbitrary requirement is deemed to be either inequitable or in-
efficient, then the introduction of new systems will have to be sub-
sidized. A sub sidy that cover s the difference between the costs 
and benefits to the irrigator, would probably induce him to convert. 
Such subsidies in the form of a conservation payment in ex-
change for adoption of a given technology is commonplace in American 
life, especially in agriculture. Such a policy could be readily incor-
porated as part of the Agricultural Conservation Program of the 
United States Department of Agriculture. 
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CHAPTER 5 
SOCIOLOGICAL IMPACTS 
This chapter of the report explore s the relationship between the 
potential iITlpleITlentation of PL 92-500 and the social organization 
and life style of the residents of the Colorado River Basin. The 
developITlent and use patterns of water resources in arid regions 
have obvious iITlplications for the quality of life of persons living 
in such regions. The task was to identify the possible iITlpacts 
that different decisions relating to water quality will have on the 
social patterns of current and future re sidents of the Colorado 
River Basin, and conversely to evaluate the iITlpact of social pat-
terns on various water quality control ITlechanisITls. To begin, a 
baseline social description of the Colorado River Basin study area 
is developed and the differential iITlpact of iITlpleITlentation of 
PL 92-500 on the different social groups within the basin is dis-
cussed. Following this, a fraITlework is established to assess 
the iITlpact of the alternative scenarios of water quality and allo-
cation on the life style of residents of the area. 
In assessing the sociological iITlpacts in the Colorado River 
Basin of PL 92-500, it becaITle increasingly clear that such iITl-
pacts will be lar gely a function of change$ experienced in the 
econOITlY and institutional structure of the cOITlITlunities. In other 
words, very few direct sociological effects will occur as a result 
of PL 92-500, but indirect effects will undoubtedly eITlerge as the 
consequence of certain econoITlic and institutional changes or events 
precipitated by PL 92-500. Such social consequences are iITlpos-
sible to predict without first establishing a fairly accurate assess-
ITlent of change s at other levels. 
BASELINE SOCIAL DESCRIPTION OF STUDY AREA 
Perhaps the ITlost obvious observation that can be ITlade of 
the social characteristics of the study area is that of great popu-
lation diversity. The study area contains both densely populated 
SMSA's and sparsely populated rural counties. Also included are 
counties that have experienced decades of rapid growth and counties 
that have been characterized by population decline for every cen-
sus year since the turn of the century. The area also includes 
significant ethnic diversity with nearly 30 Indian reservations 
269 
located within the basin boundary along with significant concen-
trations of Blacks and Mexican-Arnericans. An atternpt will be 
made to present the diversity of the area in the historical and base-
line de scription developed below. Diffe rential irnpact of implimen-
tation of PL 92-500 on various social groups are briefly discussed 
in each of the sections. 
Population- -Rural- Urban Characteristics 
Population trends in different subregions of the Colorado 
River Basin show widely varying patterns. It is generally true, 
however, that the urban counties in the area have grown (sorne 
of thern at a very rapid rate) while rural counties have shown con-
sistent patterns of decline, at least since 1940. Of the 16 multi-
county OBERS subregions in the basin, five had srnaller populations 
in 1970 than was true two decades earlier in 1950. On the other 
hand, five other subregions showed percentage gains in the two-
decade period of over 100 percent. The most rapid growth areas 
were in the Phoenix, Tucson, Las Vegas, and Los Angeles SMSA' s. 
Tables II-50 and II-51 summarize OBERS projections for 
population change in the basin subregions between the present and 
1990. In general, these projections reflect the historical trends. 
Subregions made up largely of rural counties are projected to show 
continuing population decline while the more urbanized areas have 
continued growth projected. It should be noted that many of these 
projections have failed to anticipate the significant energy resource 
development that is already occurring and will continue to occur 
in several areas of the basin. Such developments have already 
changed significantly the population patterns in the basin and are 
projected to be of suchrnagnitude that many of the OBERS pro-
jections are irrelevant. In other words, population growth in the 
basin probably will be much greater, particularly in the rural 
counties, than that which is anticipated by the OBERS projections. 
A significantly larger population, of course, has hnportant impli-
cations for water quality levelse Numerous studies and reports 
have indicated that water quality and quantity are major limiting 
factors on the development and utilization of energy resources 
such as oil shale in the basin. Also, water is necessary for 
community development to meet the needs of the increased pop-
ulation. 
270 
Table II-50. Population and population projections for the Colorado River Region. 
Water Resource Subarea 1950 1962 1970 1975 1977 1980 1983 
1401 Upper Green 41,147 39,237 38,719 38,743 38,446 38,000 38,720 
1402 Yampa-White 19,604 18,330 18,103 17,889 17,533 17,000 16,880 
1403 Lower Green 50, 153 45,000 41,215 41 ,533 41,000 40,200 40,320 
1404 Gunnison 2S,446 22,643 24,810 23,822 23, 183 22,100 22,040 
1405 Colorado Headwaters 61,827 77,871 90,370 93,555 93~533 93,500 95,180 
1406 Colorado-Dolores 21,801 32,534 28,752 28,111 28,066 28,000 28,060 
1407 Upper San Juan 47,872 92,215 88,697 91,036 91,461 92,100 93,900 
tv 1408 Colorado-San Juan 14,115 15,800 16,797 17,622 17,733 17,900 17,840 
-J 1501 Little Colorado 85,469 111,700 124,139 127,726 126,395 124,400 126,320 
..... 1502 Colorado-Lake Mead 95,386 235,522 367,189 414,235 422,008 435,100 479,920 
1503 Upper Gila 56,635 53,000 56,203 54,351 52,730 50,300 50,060 
1504 Gila-San Pedro 227,165 429,400 501 ,584 555,422 570,933 594,200 622,340 
1505 Gila-Salt 384,177 833,100 1 ,045,971 1,205,789 1,268,633 1,362,900 1 ,460,520 
1506 Colorado-Lake Mohave 28,246 49,500 61,497 65,266 66,200 67,600 70,360 
1808 South Coastal 5,538, 141 9,549,411 11,344,489 12,065,209 12,351,285 12,780,400 12,780,400 
1810 Colorado Desert 63,515 74,529 74,844 74,721 74,721 74,393 74,400 
Source: Adapted from 
1972 OBERS Projections, 
Regional Economic Activity in the U.S. 
Series E Population) Volumes 5 and 7 
U.S. Water Resources Council 
Washington D.C.: U.S. Government Printing Office 
Table II-51. Population change and projected population change, 
Colorado River Region. 
Water Resource Subareas 1950-1970 1970-1990 
1401 Upper Green -5.9 4.3 
1402 Yampa-White -7.6 -8.3 
1403 Lower Green -17.8 -1 .2 
1404 Gunnison -2.5 -12. 1 
1405 Colorado Headwaters 46.1 9.8 
1406 Colorado-Dolores 31 .9 -1 .6 
1407 Upper San Juan 85.3 10.6 
1408 Colorado-San Juan 19.0 4.8 
1501 Little Colorado 45.2 5.4 
1502 Colorado-Lake Mead 284.9 48.9 
1503 Upper Gila -0.7 -11 .9 
1504 Gila-San Pedro 120.8 37.8 
1505 Gila-Salt 172.2 63.0 
1506 Colorado-Lake Mohave 117.7 25.5 
1808 South Coastal 104.8 25.9 
1810 Colorado Desert 17.8 1 . 1 
Source: Adapted from 
1972 OBERS Projections, 
Re iona' Economic Activity ~ the U.S. 
Series E Population) Volumes 5 and 7 
U.S. Water Resources Council 
1950-1990 
-1 .8 
-15.3 
-18.8 
-14.3 
60.4 
29.8 
105.3 
24.3 
53.2 
473.2 
-12.6 
204.5 
344.5 
173.3 
157.9 
19.2 
Washington D.C.: U.S. Government Printing Office 
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Table II-52 sUITnnarizes the urban-rural characteristics of 
the study area. Again, great variation in the nlake -up of the area 
is evident. The water resource subareas vary fronl 96.5 percent 
urban to zero percent urban. Water resource subarea 1408 (Colo-
rado-San Juan) is defined by the 1970 census as 100 percent rural. 
Subarea 1808 (South Coastal-California), on the other hand, is al-
most 100 percent urban. The highest percentage concentration of 
rural farm population (18.3 percent) is found in water resource sub-
area 1404 (Gunnison). Overall, nine of the water resource sub-
regions have 10 percent or nlore of their populations engaged in 
agriculture. Most of these areas are located in the Upper Basin. 
Population density in the water resource subareas of the 
Colorado River Basin (sumnlarized in Table II-53) is also widely 
divergent. Subarea 1408 (Colorado-San Juan) has an average pop-
ulation density of only one person per square mile. Subareas 1401 
(Upper Green) and 1402 (Yampa-White River) have two or fewer 
persons per square mile. At the other extrenle, subarea 1808 
(South Coa ... Ll-California) has almost 650 persons per square milE, 
Thc-:;::;e figures on rural-urban population chc:i .. -acterj(~:tics ot 
the basin subregions have important water-related irnplications. 
The most significant use of water in the Upper Basin, largely rural, 
subareas is agriculture. Lower Basin urbanized areas show dif-
ferent use patterns with a major concentration in municipal and 
industrial consumption of water resources. Development of ener gy 
resources on a large scale in the Upper Basin states will bring 
about some significant shifts in water use patterns in these areas. 
Ethnic Characteristics of Basin Residents 
The diver sity of the population re siding in t11e Colorado RiYer-
Basin is apparent in the different racial, ethnjr: and cultural groups 
represented. Significant numb~-r's of Spaniqh-/"rrlc l"lCanS, Blacks 
and Indian-Ameri("~u:~s <', e contain.e'i in Lhe stud! area. The number 
of whites, Blacl:s ~:':l(l. >~panish -.ALLL~Yic:ans are presented in Table 
II-54. Because of tht lndldn-Arnericans I reservation land base 
they were not included in Table II-54, but will be discussed in 
detail below. Table II-54 reveals that al1 but three of the 16 sub-
areas have substantial Spanish-American population. In the case 
of subarea 1501 (Little Colorado), Spanish-Americans constitute 
over half of the population. Overall, 15 percent of the population 
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Table II-52. Urban, rural, and rural farm populations in Basin Subregions. 
population 
Urban Rural Nonfarm Rural Farm 
Water Resource Subareas Number Percent Number Percent Number Percent Total 
1401 Upper Green 20,323 52.9 12,819 33.4 5,288 13.8 38,450 
1402 Yampa-White 4,620 26.0 11,085 62.4 2,321 13. 1 17,775 
1403 Lower Green 10,561 25.9 24, 135 59.2 6,071 14.9 40,767 
1404 Gunnison 8,539 34.6 11 ,607 47.1 4,502 18.3 24,649 
1405 Colorado Headwaters 30,096 33.5 49,092 54.7 10,533 11 .7 89,721 
1406 Colorado-Dolores 11 ,731 40.9 12,538 43.7 4,448 15.5 28,717 
1407 Upper San Juan 42, 139 47.8 36,284 41 .2 9,686 11 .0 88,109 
1408 Colorado-San Juan ------ 00.0 14,651 86.9 2,210 13. 1 16,861 
N 1501 Little Colorado 31,372 25.5 79,570 64.6 12,279 10.0 123,221 
--J 
i.J:::.. 1502 Colorado-Lake Mead 298,767 82. 1 59, 199 16.3 5!1 731 1 .6 363,699 
1503 Upper Gila 24,874 44.4 26,610 47.5 4,614 8.2 56,048 
1504 Gila-San Pedro 381,271 77.0 101,582 20.5 12,606 2.5 495,459 
1505 Gila-Salt 932,238 90.2 87,353 8.5 13,912 1 .3 1,330,824 
1506 Colorado-Lake Mohave 37,898 62.3 20, 131 33. 1 2,798 4.6 60,827 
1808 South Coastal 10,937,001 96.5 361,453 3.2 32,369 .3 11,330,824 
1810 Colorado Desert 50,506 67.8 21,230 28.5 2,756 3.7 74,492 
Source: Adapted from 
U.S. Bureau of the Census 
Census of Population: 1970 
General Social and Economic Characteristics 
Final Report PC (1) Volumes: C4, C6, C7, C30, C33 and C46 
U.S. Government Printing Office 
Washington, D.C. 
Table II-53. Population density in Colorado River Basin. 
Water Resource Subareas 
1401 Upper Green 
1402 Yampa-White 
1403 Lower Green 
1404 Gunnison 
1405 Colorado Headwaters 
1406 Colorado-Dolores 
1407 Upper San Juan 
1408 Colorado-San Juan 
1501 Little Colorado 
1502 Colorado-Lake Mead 
1503 Upper Gi 1 a 
1504 Gila-San Pedro 
1505 Gila-Salt 
1506 Colorado-Lake Mohave 
1808 South Coastal 
1810 Colorado Desert 
Source: Adapted from 
U.S. Bureau of the Census 
County and City Data Book, 1972 
U.S. Government Printing Office 
Washington O.C.~ 1972, Pp:42-545 
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People Per Square Mile 
\ 
1 .8 
2.0 
4.3 
4.6 
6.2 
3.5 
6.2 
1 .0 
5.3 
9.3 
3.3 
18.0 
29.0 
6.0 
649.5 
18.0 
Table II-54. Racial and ethnic populations in the Colorado River Region. 
White Black Spanish Americans 
I~ater Resource Subarea Total Population Number Percent Number Percent Number Percent 
1401 Upper Green 38,082 36,144 94.9 ------- 1,938 5.1 
1402 Yampa-White 11,386 11,386 100.0 -------
1403 Lower Green 39,010 37,404 95.9 ------- 1,606 4.1 
1404 Gunnison 24,475 22,763 93.0 ------- 1,712 7.0 
1405 Colorado Headwaters 89,100 81,535 91. 5 ------- 7.565 8.5 
1406 Colorado-Dolores 28,181 27,993 99.3 ------- 188 .7 
1407 Upper San Juan 68,476 59,030 86.2 ------- 9,446 13.8 
1408 Colorado-San Juan 12,357 12,357 100.0 -------
1501 Little Colorado 48,731 41,002 84.1 1,329 2.7 6,400 63.1 
1502 Colorado-Lake Mead 346,955 301,236 86.8 25,902 7.5 19,817 5.7 
1503 Upper Gila 53,955 29,069 54.2 ------- 24,563 45.8 
1504 Gila-San Pedro 477,146 332,524 69.7 14,902 3.1 129,720 27.2 
N 1505 Gila-Salt 1,010,741 834,053 82.5 32,643 3.2 144,045 14.3 
-J 1506 Colorado-Lake Mohave 57,921 41,014 70.8 1,967 3.4 14,940 25.8 
0" 1808 South Coastal 10,999,363 8,438,685 76.7 891,389 8.1 1,669,289 15.2 
1810 Colorado Desert 72,474 54,259 74.9 2,552 3.5 15,663 21.6 
TOTAL 13,378,030 10,360,454 77.4 970,684 7.3 2,046,892 15.3 
Source: Adapted from 
U.S. Bureau of the Census 
countt and City Data Book, 1972 U.S.overnment Prlntlng Office 
Washington D.C., 1972, Pp:42-545 
living in the study area are Spanish-AITlerican. Many of these 
individuals are involved in agricultural production including a 
large nUITlber of ITligrant farITl workers. The iITlpleITlentation of 
PL 92- 500 will affect agricultural developITlent, especially the 
bringing of land under irrigation and, in turn, will iITlpact job 
opportunities for Spanish-AITlericans. While the Mexican-AITlerican 
population does not have the land base of the Indians, they do have 
unique cultural characteristics which ITlay be threatened by water 
use decisions. They do share the Indians I poverty and decisions 
that will provide jobs, increase educational opportunities and 
increase available social services are crucial to their well- being. 
The Black population is not as large as the Spanish-AITlerican 
population and probably will not be differentially affected by PL 
92- 500 as cOITlpar ed to the general population. Nine of the 16 
subareas do not have a Black population of sufficient size to be 
reported by the census. The greatest concentration of Blacks is 
in subarea 1808 (South Coastal) where nearly a ITlillion Blacks 
constitute 8 percent of the population. Overall, Blacks account 
for a little over 7 percent of the Colorado River Region population. 
Indian-AITlericans are a unique ITlinority group in the South-
western portion of the United States and their land base ITlakes theITl 
especially vulnerable to PL 92-500. It is estiITlated that roughly 
15 percent of the basin land area is Indian land. As reported in 
Table II-55, there are 28 federally recognized ITlajor Indian reser-
vations in the study area. The Bureau of Indian Affairs reports 
that 144,870 Indian-AITlericans reside on these reservations. Also, 
there are nUITlerous sITlall reservations and rancheros inhabited 
by sITlall groups of Indian-AITlericans in California and Arizona 
that were oITlitted froITl Table II-55. Finally,. probably another 
140,000 Indian-AITlericans reside in the towns and cities of the 
basin as the 1970 census discovered that over 45 percent of all 
Indian-AITlericans were city dweller s. The 1970 census reported 
nearly 25,000 Indian-AITlericans in Los Angeles, 10,000 in Phoenix, 
9,000 in Tucson, and nearly 8,000 in Albuquerque. Most urban 
Indian leaders contend that these nUITlbers are extreITlely conser-
vative estiITlates as ITlany Indian-AITlericans are ITlissed by the 
census takers. 
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Table II-55. Federally recognized Indian reservations in Colorado 
River Region. 
Reservation 
Colorado River 
Fort Apache 
Fort McDowell 
Gi1la River 
Hopi 
Hualapai 
Joint Use 
Navajo-Hopi 
Kaibab 
Maricopa 
Navajo 
Papago 
Salt River 
San Carlos 
San Xavier 
Fort Yuma 
Southern Ute 
Ute Mountain 
Acoma 
Jemez 
Jicarilla 
Laguna 
Mescalero 
Ramah 
San Felipe 
Santa Ana 
Zuni 
Uintah Ouray 
Wind River 
TOTAL 
State Located In 
Arizona and California 
Arizona 
Arizona 
Arizona 
Arizona 
Arizona 
Arizona 
Arizona 
Arizona 
Arizona, New Mexico, Utah 
Arizona 
Arizona 
Arizona 
Arizona 
California 
Colorado 
Colorado 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
New Mexico 
Utah 
Wyoming 
Source: Adapted from 
U.S. Bureau of the Census 
Census of the Population: 1970 
SUBJECT REPORTS 
Final Report PC (2)-lF 
American Indians 
U.S. Government Printing Office 
Washington, D.C. 1973 
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1970 
Population 
1,715 
5,903 
152 
4,573 
4,404 
403 
7,726 
83 
376 
56,949 
4,879 
721 
4,515 
493 
565 
611 
730 
1,590 
1,052 
1,332 
2,579 
1,556 
847 
1,366 
255 
4,736 
1,430 
3,319 
114,870 
Decisions about water utilization will have extensive iITlpli-
cations for the Indian population especially those living on isolated 
reservations experiencing the ITlost profound poverty in AITlerica. 
Infant ITlortality rates are significantly higher, life expectancy is 
ten years less, educational attainITlent is less, and uneITlploYITlent 
runs as high as 80 percent. Decisions that effect the availability 
of jobs, the quality of educational opportunities, availability of 
ITledical and health care, and other social services will have pro-
found iITlpact on the Indian population. A second reason why water 
utilization is of special significance to Indian-AITlericans is that 
their physical isolation on res ervations has perITlitted theITl to 
preserve Indian culture and way of life to a certain extent. SOITle 
levels of developITlent will obviously reduce this isolation as large 
nUITlbers of non-Indians will challenge the ability of Indian culture 
to survive. There are ITlajor conflicts raging on ITlany reservations 
concerning resource exploitation. On the other side are those who 
desire Indian as siITlilation into the AITlerican ITlainstreaITl including 
an exploitation of Indian-owned resources. These Indians seek to 
attract industry and energy developITlent to the reservation despite 
the concoITlittant influx of the non-Indian changes in the Indian way 
of life and disruption of traditional uses of land. On the other side 
are those Indians who have ITlaintained their special love of the 
land, and who desire to preserve the Indian way of life. These 
individuals are not willing to exploit their natural resources for 
a high ITlaterial standard of living. For exaITlple, the Northern 
Cheyenne Reservation in Montana contains L 5 trillion tons of coal 
within 6, 000 feet of the surface. Several coal cOITlpanies have 
negotiated exploration leas es with options to ITline. The tribe has, 
and is now experiencing great conflict. One group is not willing 
to trade the traditional Indian life style for the wealth as sociated 
with coal developITlent. This group has been successful in breaking 
one of the large leases. On the other side, ITlany Cheyenne feel 
that better schools, ITlore jobs, better health care and direct 
royalty payITlents justify the influx of non-Indians and the threat 
to Indian control of their reservation. 
A third iITlportant consideration of the iITlpleITlentation of 
PL 92-500 for Indian-Americans is the extensive ITligration fronl 
the reservation to the city. A fixed land base, generally arid 
unproductive land, coupled with a rapidly increasing population 
(high birth rate) is forcing ITlany Indian-Americans to leave the 
reservation. Despite this urban ITligration, the past few years 
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has witnessed a national trend of a reawakening of Indian culture 
and identity. The occupation of Alcatraz, the Trail of Broken 
Treaties which included the siezing of the National BIA offices 
and the siege of Wounded Knee, South Dakota, are ITlanifestations 
of this Indian-AITlerican awakening. One consequence of this is 
the increased eITlphasis upon reservation developITlent as a viable 
alternative to urban ITligration. Researches have found that a large 
majority of urban Indians would return to the reservations if eITl-
ployITlent were available. Water for irrigation would produce an 
increase in agricultural and livestock production which would 
perITlit ITlany Indians to reITlain on the reservation and still ITlain-
tain their traditional way of life. Both agricultural and industrial 
developITlent require water and Indian tribes have becoITle aware 
of the iITlportance of water rights. Several court cases in the last 
few years have defended Indian water rights on the Colorado River. 
Given the obstacles associated with industrial developITlent on 
Indian reservations, it is anticipated that the greatest effort will 
be channeled into agricultural developITlent which will require 
Indian utilization of Indian water rights. For exaITlple, several 
irrigation projects are in varying stages of developITlent on the 
Navajo reservation. The cOITlpletion of these and siITlilar projects 
will influence the salinity of the river. The larger tribes with 
large land holdings such as the Navajo Nation have prepared a 
reservation developITlent plan that frequently refers to water utili-
zation. Such developITlent plans are iITlportant and could be 
affected by iITlpleITlentation of PL 92-500. 
SocioeconoITlic Status Characteristics 
of Basin Residents 
Family and per capita incoITle in the study area varies froITl 
fairly high levels of affluence in suburban cOITlITlunities to concen-
trations of intense poverty frequently found on SOITle of the several 
Indian re s ervations located in the Colorado River Region. Table 
II-56 sumITlarizes per capita incoITle in the subareas beginning 
with 1950 and proj ected to 1990. Projected 1975 per capita incoITle 
in the two California subareas (1808 and 1810) is almost double 
the saITle figure s for subareas 1408 (Colorado-San Juan) and 1501 
(Little Colorado) which both contain heavy concentrations of 
ITlinority populations (Indians and Spanish-AITlericans). The 
latter areas consistently show high levels of uneITlploYITlent and 
poverty.. Projections of per capita incoITle change shown in 
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Ta ble II- 5 6. Per capita income (1967 dollars) for Colorado River Basin. 
Water Kesource Subarea 1950 1962 1970 1975 1977 1980 1983 1985 1990 
1401 Upper Green 2,061 2,618 3,233 3,968 4,220 4,600 4,960 5,200 5,900 
1402 Yampa-White 1 ,712 2,544 3,380 4,050 4,310 4,700 5,060 5,300 6,000 
14C3 Lower Green 1,298 1,902 2,389 2,801 3,000 3,300 3,660 3,900 4,500 
1404 Gunnison 1 ,316 1 ,981 2,423 2,963 3,178 3,500 3,800 4,000 4,600 
1405 Colorado Headwaters 1,707 2,235 2,814 3,333 3,559 3,900 4,260 4,500 5,100 
1406 Colorado-Dolores 1,634 2,091 2,693 3,239 3,463 3,800 4,160 4,400 5,000 
1407 Upper San Juan 1,412 1,929 2,404 3,034 3,260 3,600 5,900 4,100 4,700 
1408 Colorado-San Juan 1,338 2,058 1,989 2,420 2,612 2,900 3,200 3,400 4,000 
1501 Little Colorado 1 ,101 1,574 2,037 2,460 2,636 2,900 3,140 3,300 3,800 
~ 1502 Colorado-Lake Mead 2,276 3,367 3,598 4,179 4,427 4,800 5,100 5,300 6,000 
~ 1503 Upper Gila 1,999 2,130 2,958 3,379 3,587 3,900 4,200 4,400 5,100 
1504 Gila-San Pedro 1,864 2,443 3,157 3,701 3,900 4,200 4,500 4,700 5,400 
1505 Gila-Salt 1,866 2,382 3,339 4,034 4,095 4,400 4,760 5,000 5,600 
1506 Colorado-Lake Mohave 2,697 3,004 3,422 3,989 4,193 4,500 4,860 5,100 5,700 
1808 South Coastal 2,509 3,173 3,955 4,554 4,852 5,300 5,660 5,900 6,700 
1810 Colorado Desert 2,742 2,893 3,958 4,753 5,041 5,500 5,920 6,200 7,000 
Source: Adapted from 
1972 OBERS Projections, 
Kegiona1 Economic Activity in tne U.S. 
(Series E Population) Volumes 5 and 7 
u.S. Water Resources Council 
Washi ngton D. C. : u.S. Government Printing Office 
Table II- 5 7 indicate that the greatest change in income will occur 
in those areas having the lowest levels of per capita income in 
1975. However, the gap in dollars earned (see Table II-56) will 
continue to increase indicating that the range between the wealthier 
and the poorer subareas in the larger study area will be even 
greater in 1983 and 1990 than it is now. 
Mean family income (Table II-58) varies from a high of 
$11, 797 in subarea 1808 (South Coastal) to a low of $ 7, 344 in 
subarea 1501 (Little Colorado). The two subareas having the low-
est mean family income both have high concentrations of Spanish-
Americans and Indiansa As indicated in Table II-58, subarea 1501 
(Little Colorado) also shows the highest percentage of households 
having a female head. The mean faITlily income of female-headed 
families in this area is only $ 3, 574. 
Per capita income is affected by number of household mem-
bers that are in the labor force. Table II-59 and 11-60 report the 
percent of women in the labor force for each of the subareas. The 
fir s t table deals with overall pe r centage of working women while 
the second includes working wives who are living with husbands. 
The percentages in Table II-59 and II-60 correlate strongly with 
the data on per capita income. That is, subareas in the region 
showing the highest per capita income also generally show a 
higher percentage of working women. The areas showing low 
labor force participation by married women are usually rural 
areas where employment opportunities are limited. Industrial 
and economic growth in these areas will likely increase female 
work force participations 
Table II- 61 summarizes the percentages of families and of 
persons in the study area having incomes below the poverty level. 
A great deal of variation between subareas is evident from these 
data. A total of 36 percent of all families in subarea 1501 (Little 
Colorado) have incomes below the poverty level. At the other 
extreme, only three percent of families in subarea 1504 (Gila-
San Pedro) show incomes below the poverty level. Individual data 
correlate rather highly with family data. A total of 42 percent of 
all individuals in subarea 1501 (Little Colorado) have incomes 
clas sified as being below the poverty level. This compares with 
a figure of just eight percent for subarea 1401 (Upper Green). 
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Table II-57. Change in per capita income for the Colorado River Basin. 
Water Resource Subareas 1950-1970 1970-1990 
1401 Upper Green 56.8 82.5 
1402 Yampa-White 97.4 77.5 
1403 Lower Green 84.0 88.3 
1404 Gunnison 84.1 89.8 
1405 Colorado Headwaters 64.8 81.2 
1406 Colorado-Dolores 64.8 85.6 
1407 Upper San Juan 70.2 95.5 
1408 Colorado-San Juan 48.6 101 . 1 
1501 Little Colorado 85.0 86.5 
1502 Colorado-Lake Mead 58. 1 66.7 
1503 Upper Gila 47.9 72.4 
1504 Gila-San Pedro 69.4 71.0 
1505 Gi 1 a-Sa 1 t 78.9 67.7 
1506 Colorado-Lake Mohave 26.8 66.5 
1808 South Coastal 53.9 69.4 
1810 Colorado Desert 44.3 76.9 
Source: Adapted from 
1972 OBERS Projections, 
Regional Economic Activity ~ the U.S. 
(Series E Population) Volumes 5 an~ 
U.S. Water Resources Council 
1950-1990 
186.3 
250.5 
246.7 
249.5 
198.8 
206.0 
232.9 
199.0 
245.1 
163.6 
155. 1 
189.7 
200.1 
i11.3 
160.8 
155.3 
Washington D.C.: U.S. Government Printing Office 
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Table 11-580 Mean income for all families and for female-headed families for the Colorado 
River Ba sin .. 
Percent 
Water Resource Subareas Mean Family Income Female Head 
1401 Upper Green $9,748 
1402 Yampa-White 8,804 
1403 Lower Green 8,844 
1404 Gunnison 8,088 
1405 Colorado Headwaters 9,675 
1406 Colorado-Dolores 8,705 
1407 Upper San Juan 8,955 
1408 Colorado-San Juan 7,837 
1501 Little Colorado 7,344 
1502 Colorado-Lake Mead 11,323 
1503 Upper Gila 8,839 
1504 Gila-San Pedro 9,992 
1505 Gila-Salt 11~103 
1506 Colorado-Lake Mohave 9,265 
1808 South Coastal 11,797 
1810 Colorado Desert 9,577 
Source: Adapted from ~ 
U.S. Bureau of the Census 
Census of Population: 1970 
General Social and Economic Characteristics 
Final Report PC (1) Volumes: C4, C6, C7, C30 
U.S. Government Printing Office 
Washington, D.C. 
6.2 
6.4 
6.0 
6.4 
8.3 
6.4 
9.8 
6.4 
13.8 
9.2 
8.5 
9.9 
9.7 
8~0 
12. 1 
9.7 
Mean Family Income For 
Female-Headed Family 
$5,980 
6,182 
5,190 
4,696 
5,334 
4,673 
4,275 
5,124 
3,574 
6~266 
5,671 
5,572 
6,417 
5,186 
6,182 
4,895 
Table II-59. Percent of v,Tornen in the labor force in the Colorado 
River Ba sin. 
Water Resource Subarea 
1401 
1402 
1403 
1404 
1405 
1406 
1407 
1408 
1501 
1502 
1503 
1504 
1505 
1506 
180B 
1810 
Upper Green 
Yampa-~'hi te 
Lower Green 
Gunnison 
Colorado Headwaters 
Colorado-Dolores 
Upper San Juan 
Colorado-San Juan 
Little Colorado 
Colorado-Lake Mead 
Upper Gila 
Gila-San Pedro 
Gila-Salt 
Colorado-Lake Mohave 
South Coastal 
Colorado Desert 
Source: Adapted from 
All Women 
42.7 
40.5 
32.3 
32.5 
42.9 
35.6 
36.1 
33.2 
32.3 
22.7 
29.0 
35.2 
41 .6 
38.7 
42.7 
36.2 
U.S. Bureau of the Census 
Census of Population: 1970 
With Children 
Under Six 
29.6 
32.9 
22.6 
24.8 
33.3 
24.4 
31.2 
22.0 
30.1 
33.9 
lB.1 
26.3 
32.9 
29.6 
31 .5 
27.9 
General Social and Economic Characteristics 
With Children 
6-17 
4B.7 
56.3 
45.1 
48.5 
54.3 
49.4 
46.1 
44.7 
40.6 
50.0 
39.1 
43.5 
51 .6 
53. 1 
50.3 
45.2 
Final Report PC (1) Volumes: C4, C6, C7, C30, C33 and C46 
U.S. Government Printing Office 
Washington, D.C. 
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Table II-60. Percent of married women whose husbands are 
present who are in the labor force in the Colorado 
River Ba sin. 
All Married With Children With Children 
Water Resource Subarea Women Under Six 6 to 17 
1401 Upper Green 37 . 1 27.6 45.2 
1402 Yampa-White 40.6 29.7 54.6 
1403 Lower Green 30.9 21 .3 42.7 
1404 Gunnison 34.4 25. 1 46.2 
1405 Colorado Headwaters 41 .7 29.7 51 . 1 
1406 Colorado-Dolores 34.6 22.2 46.4 
1407 Upper San Juan 36.0 28.9 43.9 
1408 Colorado-San Juan 33.4 21 .1 44.2 
1501 Little Colorado 33.3 28.5 39.8 
1502 Colorado-Lake Mead 39. 1 29.2 45.2 
1503 Upper Gila 26.5 15.9 36.5 
1504 Gila-San Pedro 32.2 23.7 39.8 
1505 Gila-Salt 38.6 30.1 47.6 
1506 Colorado-Lake Mohave 36.0 26.4 49.8 
1808 South Coastal 39.3 27.8 45.8 
1810 Colorado Desert 35.4 27.0 43.0 
Source: Adapted from 
U.S. Bureau of the Census 
Census of Population: 1970 
General Social and Economic Characteristics 
Final Report PC (1) Volumes: C4, C6, C7, C30, C33 and C46 
U.S. Government Printing Office 
Washington, D.C. 
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Ta ble II- 61. Percent of popula tion below the poverty level in 
Colora do River Region. 
All Married With Children With Children 
Subregions Women Under Six 6 to 17 
1401 Upper Green 37.1 27.6 45.2 
1402 Yampa-White 40.6 29.7 54.6 
1403 Lower Green 30.9 21 .3 42.7 
1404 Gunnison 34.4 25.1 46.2 
1405 Colorado Headwaters 41 .7 29.7 51 . 1 
1406 Colorado-Dolores 34.6 22.2 46.4 
1407 Upper San Juan 36.0 28.9 43.9 
1408 Colorado-San Juan 33.4 21 . 1 44.2 
1501 Little Colorado 33.3 28.5 39.8 
1502 Colorado-Lake Mead 39. 1 29.2 45.2 
1503 Upper Gila 26.5 15.9 36.5 
1504 Gila-San Pedro 32.2 23.7 39.8 
1505 Gila-Salt 38.6 30.1 47.6 
1506 Colorado-Lake Mohave 36.0 26.4 49.8 
1808 South Coastal 39.3 27.8 45.8 
1810 Colorado Desert 35.4 27.0 43.0 
Source: Adapted from 
U.S. Bureau of the Census 
Census of Population: 1970 
General Social and Economic Characteristics 
Final Report PC (1) Volumes: C4, C6, C7, C30, C33 and C46 
U.S. Government Printing Office 
Washington, D.C. 
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As has been noted above, the high level of poverty in the Little 
Colorado area of the basin is closely associated with the high 
concentration of minority populations in this area .. 
Table 11-62 presents data on rates of public assistance and 
social security. Almost one-fifth of all families in subarea 1408 
(Colorado --San Juan) are recipients of aid to families with dependent 
children (ADC)e This compares with just one percent of the fam-
ilies receiving such aid in subarea 1401 (Upper Green)" Again, 
these data are highly correlated with data presented above on 
family incorne, per capita income, and percent of population living 
in poverty. 
The implications of socioeconomic characteristics on water 
use and quality in the basin are many and varied" Water use from 
the Colorado areas having low mean family incomes and higher 
degrees of pave is limited largely to agricultural uses. To the 
extent that the implementation of PL 92-500 limits or curtails 
agriculture, these people will be greatly affected. These "poor" 
communities also will have difficulty complying with water treat-
ment dernands as they lack sufficient tax base to pay for such 
treatment. Higher income areas are generally the more urbanized 
areas and so water use is ITlore likely to be associated with muni-
cipal and industrial purpos es. In these areas, the main impact 
will probably be higher taxes to pay for treatment facilities to 
im_prove e quality of the water. In terms of recreational im-
, national data have shown that as inconle increases a 
greater percentage of income is spent on outdoor recreational 
activities. Therefore, greater pressure on water-related recre-
ational facilities is likely to be forthcoming from those areas of 
the region having higher income levels. But much of this recre-
ational dollar l11ay be spent in the less populous subregions and 
may provide some limited en1.ployrnent for residents of the poor 
subregions. 11y increased overall pressure for recreational 
use is likely to be experienced throughout the basin as income 
levels increase. 
Demo c Characteristics of the Colorado 
R~Region POEulati~ 
The diversity and consequent differential impact of imple-
mentation of PL 92 500 for the various water resources subareas 
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Table 11- 62. Percent of population receiving public assistance and 
Social Security in the Colorado River Basin. 
Dec. 1971 
Percent Population 
Water Resource Subarea Soc. Sec. Recipients 
1401 Upper Green 10.3 
1402 Yampa-White 7.8 
1403 Lower Green 13.9 
1404 Gunnison 18.0 
1405 Colorado Headwaters 13.8 
1406 Colorado-Dolores 12.3 
1407 Upper San Juan 12.5 
1408 Colorado-San Juan 10.7 
1501 Little Colorado 11 .0 
1502 Colorado-Lake Mead 9.6 
1503 Upper Gila 12.7 
1504 Gila-San Pedro 13.5 
1505 Gila-Salt 13.8 
1506 Colorado-Lake Mohave 11 .0 
1808 South Coastal 11 .6 
1810 Colorado Desert 12.7 
Source: Adapted from 
U.S. Bureau of the Census 
County and City Data Book, 1972 
U.S. Government Printing Office 
Washington D.C., 1972. Pp.:42-545 
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Feb. 1972 
Percent Population Percent Population 
Old Age Recipients ADC Recipients 
0.3 1.0 
1 .0 1 .2 
0.7 4.9 
3.9 3.7 
2.0 3.5 
2. 1 5.2 
1 .6 5.6 
0.8 19.6 
1 .8 11 .6 
0.7 4.4 
1 .2 4.3 
0.9 3.9 
9.6 3.0 
0.7 3.3 
1 .5 7.6 
2.9 10.4 
is apparent when examining additional demographic characteristics 
such as the age distributions, birth and death rates, educational 
attainment and employment rates. The age distributions reveal 
much about the growth and development of the individual subareas. 
For example, those communities experiencing economic decline 
frequently face a serious out-migration of young adults who seek 
education and employment elsewhere. This brain and brawn drain 
leaves behind a community with a high proportion of the very young 
and the aged. Neither of these two groups make much of a contri-
bution to the economic and social well-being of the community. In 
addition, feelings of despair and defeatism seem to accompany the 
exodus which contributes to social disintegration as evidenced by 
lack of political participation and similar activities. This type of 
out-migration of young adults has been particularly acute on Indian 
reservations and, as mentioned before, efforts to improve oppor-
tunities on the reservation generally are influenced by the avail-
ability of water. Information about the age distribution for each 
of the subareas is presented in Table 11- 63 which contains the 
percent of population under five years of age, the percent over 18, 
the percent over 65 and the average median age (the median ages 
for each of the counties in the subarea were averaged) for the 
districts. 
There is considerable variation in the percent of the popu-
lation which is under five (7. 6 percent to 13. 1 percent). Thus, 
subareas like 1501 (Little Colorado) have nearly twice as many 
young people as subarea 1405 (Colorado Headwaters). Similar 
differences are apparent in the percent of the population over 65. 
In subarea 1404 (Gunnison), 13. 6 percent of the citizens fit in this 
age category as compared to only 5 percent in 1501 (Little Colo .. 
rado). These differences in age distribution are also apparent in 
the median ages of the residents of the individual subareas. 
Counties and subareas that have been experiencing out-migration 
of their young adults will probably pay the greatest costs in the 
implementation of PL 92-500 as they can least afford the costs of 
water quality programs while at the same time have the greatest 
need for agricultural and/or industrial development. 
The educational diversity between the subareas is evident in 
the educational information presented in Table 11-64. The percent 
of the population between the ages of 3 and 34 who are enrolled in 
school varies from 48. 3 percent to 63.4 percent. The difference 
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Table II-63. Percent of population in several age categories and 
average l :median age for the subareas. 
Percent Percent Percent 
Water Resource Subarea Under 5 Over 18 Over 65 Median Age 
1401 Upper Green 9.0 62.1 9.0 27.8 
1402 Yampa-White 7 . 8 63.8 9.1 27.7 
1403 Lower Green 9.3 59.2 9.2 27.2 
1404 Gunnison 5.9 70.1 13.6 34.5 
1405 Colorado Headwaters 7.6 64.8 10.2 33.5 
1406 Colorado-Dolores 8.8 59.6 8.7 26.1 
1407 Upper San Juan 9.8 57.2 6.7 25.5 
1408 Colorado-San Juan 11.7 56.2 6.6 24.8 
1501 Little Colorado 13.1 50.7 5.0 18.3 
1502 Colorado-Lake Mead 9.6 63.6 5.7 26.1 
1503 Upper Gila 10.0 59.5 8.0 25.8 
1504 Gila-San Pedro 8.6 64.2 9. 5 25.1 
1505 Gila-Salt 8.4 64.3 9.7 26.2 
1506 Colorado-Lake Mohave 9.2 62.9 7 . 7 24.6 
1808 South Coastal 8.4 66.6 9.0 27.2 
1810 Colorado Desert 9.8 58.2 7 . 5 23.9 
Source: Adapted from 
U.S. Bureau of the Census 
countt and City Data ~, 1972 U.S.overnment PrintIng Office 
Washington, D. C . , 1972, Pp:42-545 
1~1edian age was not available for the subregions and thus the 
median age for the counties comprising each subregion was 
averaged 
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Ta ble 11- 640 Percent of population enrolled in school, median years school completed and 
percent of population high school graduates for the subareas. 
Percent of Population 
Water Resource Subarea 3-34 Enrolled in School 
1401 Upper Green 
14U2 Yampa-White 
1403 Lower Green 
1404 Gunnison 
1405 Colorado Headwaters 
l4U6 Colorado-Dolores 
1407 Upper San Juan 
1408 Colorado-San Juan 
1501 Little Colorado 
1502 Colorado-Lake Mead 
1503 Upper Gila 
1504 Gila-San Pedro 
1505 Gila-Salt 
1506 Colorado-Lake Mohave 
1808 South Coastal 
1810 Colorado Desert 
Source: Adapted from 
U.S. Bureau of the Census 
Census of Population: 1970 
57.0 
56.9 
60.4 
63.4 
48.3 
55.8 
52.1 
61.4 
56.7 
57.2 
57.1 
54.2 
54.8 
50.3 
55.5 
60.2 
General Social and Economic Characteristics 
Median Years 
School Completed 
Male Female 
12.2 12.3 
12.3 12.3 
12.0 12.2 
11.7 12.4 
12.7 12.6 
11.5 11.9 
11.9 12.0 
11.9 11.8 
10.0 9.7 
12.3 12.3 
11.1 11.5 
11.6 11.4 
12.0 12.0 
11.9 12.0 
12.5 12.4 
10.7 10.8 
Final Report PC (1) Volumes: C4, C6, C7, C30, C33 and C46 
U.S. Government Printing Office 
Washington, D.C. 
Percent High 
School Graduate 
Male Female 
56.9 60.9 
60.7 63.1 
53.0 56.7 
51.7 64.3 
62.3 66.5 
47.3 51.7 
53.1 52.4 
54.8 57.3 
39.6 37.2 
59.3 60.6 
43.9 46.2 
51.7 50.7 
52.8 54.6 
49.5 51.2 
63.0 62.6 
42.9 43.2 
here is primarily in the upper age categories (18 to 34) as most 
states require school attendance until at least age 16. The excep-
tions are the children of Spanish-American migrant farm laborers 
and Indian children living on the reservation. A substantial number 
of thes e children are not enrolled in school becaus e of constant 
residential mobility or the isolation of the reservation. The median 
number of years of school completed ranges from. 10 years to 12.7 
for males and from. 9. 7 to 12. 6 for females over 24 years of age. 
The percent of the adult population who have graduated from high 
school varies between a low of 39. 6 to a high of 63 percent for 
males and 37.2 percent to 66.5 percent for females. These 
lar ge differences in educational attainment between the subareas 
again suggest that the implementation of PL 92-500 will have dif-
ferential effects. Those cOlllmunities with a lower educational 
level would profit most frolll utilizing available water for agri-
culture and labor intensive industrial development that provide 
jobs to large numbers of untrained employees rather than employ-
ment for a slllall, highly trained labor force. Education will 
probably have an impact on how the general public will react to 
and support PL 92-500. The more educated citizens will probably 
be more supportive of ecological issues involving a long range 
view (illlplications for the futur e) and a wide per specti ve (impli-
cations for the region, the nation, etc.). 
The final demographic characteristic examined is the degree 
of employlllent and unemploylllent. Table II- 65 presents the per-
cent of the population 16 and older who have entered the labor 
force and the percent of the civilian labor force unelllployed. As 
noted with the other delllographic characteristics, considerable 
variation is evident between subregions. Elllployment rates for 
males ranged frolll 61 percent to 80 percent, a twenty point dif-
ference, while the range for females was 29.0 percent to 43.7 
percent. The civilian unemployment rate varied greatly as well: 
3. 6 percent to 8. 0 percent for lllaies and 4. 5 percent to 8. I per-
cent for females. The findings about elllploym.ent are consistent 
with previously presented data concerning education, poverty, etc., 
as subareas like 1501 (Little Colorado) with its large Indian and 
Spanish-American populations has the lowest elllploylllent rates 
and the highest unemploYlllent rates. 
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Table 11-65. Employment and unemployment rates for the Colorado River Region. 
Percent of Population 
Water Resource Subareas 3-34 Enrolled in School 
1401 Upper Green 
l4U2 Yampa-White 
1403 Lower Green 
1404 Gunnison 
1405 Colorado Headwaters 
14U6 Colorado-Dolores 
1407 Upper San Juan 
1408 Colorado-San Juan 
1501 Little Colorado 
~ 1502 Colorado-Lake Mead 
~ 1503 Upper Gila 
1504 Gila-San Pedro 
1505 Gila-Salt 
1506 Colorado-Lake Mohave 
1808 South Coastal 
1810 Colorado Desert 
Source: Adapted from 
U.S. Bureau of the Census 
Census of Population: 1970 
57.0 
56.9 
60.4 
63.4 
48.3 
55.8 
52.1 
61.4 
56.7 
57.2 
57.1 
54.2 
54.8 
50.3 
55.5 
60.2 
General Social and Economic Characteristics 
Median Years 
School Completed 
Male Female 
12.2 12.3 
12.3 12.3 
12.0 12.2 
11.7 12.4 
12.7 12.6 
11.5 11.9 
11.9 12.0 
11.9 11.8 
10.0 9.7 
12.3 12.3 
11.1 11.5 
11.6 11.4 
12.0 12.0 
11.9 12.0 
12.5 12.4 
10.7 10.8 
Final Report PC (1) Volumes: C4, C6, C7, C30, C33 and C46 
U.S. Government Printing Office 
Washington, D.C. 
Percent High 
School Graduate 
Male Female 
56.9 60.9 
60.7 63.1 
53.0 56.7 
51.7 64.3 
62.3 66.5 
47.3 51.7 
53.1 52.4 
54.8 57.3 
39.6 37.2 
59.3 60.6 
43.9 46.2 
51.7 50.7 
52.8 54.6 
49.5 51.2 
63.0 62.6 
42.9 43.2 
CHANGES ASSOCIATED WITH ENERGY 
RESOURCE DEVELOPMENT 
As discussed earlier, the sociological assessment of the 
impact of PL 92-500 is contingent on projected population changes. 
The OBERS projections of population change in the various sub-
areas of the Colorado River Region were utilized in preceeding 
paragraphs to develop a baseline sociological description. How-
ever, it was noted that energy resource development in some of 
the subareas has already made those projections seriously out-
dated. The industrial revolution has led to dramatic increases in 
man I s ability to control and influence his natural environment. 
However, at the same time, it has led to an ever-increasing de-
pendence of man in industrialized societies on energy resources 
that can be obtained in a readily usable form. The energy crisis 
in this country and elsewhere has increased our awareness of 
this fact. The existence of vast quantities of energy resources--
including oil, oil shale, tar sands, coal, and geothermal power 
sources--in the area of the Colorado River Basin therefore becomes 
a critical consideration in assessing sociological impacts of water 
quality and management decisions. The primary constraint on the 
development of these energy resources may be water. Therefore, 
decisions relating to the allocation of this water will largely deter-
mine the nature and degree of the exploitation of the resources 
that are available. This, in turn, will have an impact upon the 
nature and rate of population and community change that will occur. 
Because of this relationship, one of the priority problems is the 
effect that decisions relating to water quality and use in the basin 
will have on the people that now live or will live there and their 
various social institutions. 
As noted before, many of the counties and subareas in the 
Colorado River Region have been experiencing significant out-
migration and population decline for several decades prior to 
energy development. Largely because of declining loca~ employ-
ment opportunities, and particularly agricultural employment 
opportunitie s, many of the young people migrated from the more 
rural counties to seek employment and education elsewhere. This 
resulted in important consequences for these rural counties, in-
cluding such things as declining school enrollments and increas-
ingly high average age of the persons left behind. 
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The recent increase in activity resulting from. energy re-
source exploration and development has reve rsed this long- standing 
population decline in m.any of the basin subregions and will likely 
reverse it in others. What these areas now face is not declining 
populations but increasing populations and at an accelerating rate. 
To indicate the m.agnitude of possible error from. em.ploying 
strictly the OBERS projections which ignored energy developm.ent, 
an independent set of projections was generated for the econom.ics 
section of this report based on the assumption of large scale oil 
shale development. Assuming that the highest anticipated level of 
oil shale developrnent occurs (500,000 barrels per day), 1990 pop-
ulation figures show great differences from the OBERS proj ections. 
Given such projected growth, the sociological significance 
of PL 92-500--in comparison with the magnitude of change that 
will occur from each extensive energy resource developm.ent--
will be largely 1im.ited to the degree to which implementation of 
PL 92-500 would restrict energy resource development. If such 
restrictions are minimal, the overall social consequences of the 
implementation of PL 92- 5 00 will also be minimal, but the impact 
of the energy developments themselves may be m.ajoro 
Social Institutions Impacted 
In summary, the social impacts of PL 92-500 are virtually 
insignificant in comparison with other changes that are occurring 
and will occur in the basin area. Population change in the basin 
as sociated with energy resource development will bring with it a 
multitude of social problem.s that will permeate all basic social 
institutions in the area and will significantly change life styles and 
the quality of life of both present and future residents. Greater 
ethnic and cultural diversity will come to what are now fairly 
homogeneous rural counties. Greatly accelerating demands will 
be placed on the communities to provide services such as sewer 
and water, educational facilities, health and medical services, 
police and fire protection, and so on. These changes will ser-
iously tax the ability of local governments to respond in an efficient 
I 
and effective fashion. Depending upon the nature and rate of growth 
the primary social institutions of the area will be affected. The 
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following are among the important social institutions that will 
probably be affected with the implementation of PL 92-500 and the 
anticipated energy development. 
Local government. In many cases, local governments in 
the counties of the basin are ill- equipped to respond to the problems 
and changes that confront them. Different allocations of water may 
contribute to important changes in local power structures. New 
migrants to the area will initially be largely disenfranchised but 
will eventually, in s orne instance s, replac e the pr e sent leader ship 
structures in many of the smaller communities and counties. 
The family. Several impacts need to be considered concern-
ing the family including changes in family structure and relation-
ships associated with community growth and change. Some evidence 
collected in communities in the basin that have experienced rapid 
rates of population growth indicate that this has resulted in such 
family problems as increasing rates of divorce and disintegration. 
Educational institutions. A common experience shared by 
many of the counties in the upper portion of the Colorado River 
Basin has been several decades of population decline leading in 
many instances to decreasing school enrollments. Water quality 
and allocation decisions with respect to resource development will 
affect the likelihood of such trends continuing or being reversed 
as a function of population growth. The differential impacts of 
alternative courses of action must be considered if educational 
institutions are to re spond to the needs of the community. 
Religious and cultural institutions. The primary impact on 
religious institutions in basin communitie s is likely to again be 
associated with population growth and change. Many of the com-
munities in the area are highly homogeneous in terms of their 
ethnic, cultural, and religious make-up. A large influx of out-
siders in such areas will result in much more heterogeneous 
communities and be the source of potential conflict. This could 
affect the religious and cultural institutions in the area. 
Economic institutions. Obviously, the impacts of the eco-
nomic institution of water quality decisions will be very far-
reaching. However, since other portions of the report will deal 
extensively with this area, no more will be said about it here. 
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lIE-pact on Social Service Delivery System.s 
Differential dem.ands will be placed on the various social 
service delivery system.s in the basin, depending on the alternative 
courses of action relative to water use that are chosen. Public 
services will be im.pacted by water allocation and quality policies 
becaus e thes e policies will lar gely determ.ine or be forced to 
respond to the type and rate of population change in the area. The 
following are exam.ples of services that will be affected by im.ple-
m.entation of PL 92-500 and the resulting activity. 
Health services. It is widely recognized that rural areas 
generally suffer in com.parison to urban areas when it com.es to 
availability and adequacy of health service facilities and personnel. 
For exam.ple, counties defined as rural or sem.i-rural average 
only a bout half as m.any physicians per 1, 000 population as do 
counties defined as "m.etropolitan adjacent"" The difficulty of 
attracting new physicians to rural areas experiencing rapid growth 
is also widely recognized.. Several counties in the Colorado River 
Basin that have had accelerated growth as sociated with coal and 
oil shale developm.ent have already experienced this. 
Law enforcem.ent. The nature of the dem.ands in this area 
will again largely be determ.ined by population growth and change 
in the basin. Accelerated growth will create m.any new dem.ands 
for increased law enforcem.ent personnel and facilities.. Con-
straints im.posed by water quality and allocation decisions will 
have im.portant effects on those dem.ands o 
Sewer and water. Though these are usually treated in anal-
yses of public services, their intricate relationship to the broader 
problem of water quality is im.portant to the population m.ovem.ents 
and life style of basin residents. Population influx places large 
burdens on the com.munity services of this type since system.s are 
often inadequate and outm.oded. 
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Differential Impacts on Per sons Located 
at Various Points in the 
Community Social Structure 
There is increasing evidence that many of the benefits accru-
ing from industrial development (and, perhaps particularly, ener gy 
resource development) in rural areas are exported. That is, much 
of the economic benefit goes elsewhere while a significant propor-
tion of the social and environmental costs are borne locally. 
Further, that portion of the economic benefit which is not exported 
is not equally distributed in the local area. The basic rule seems 
to be that those who have get more while those have not do 
not. It was noted that the study area is highly diverse in terms of 
characteristics of basin residents. In general the impacts of the 
implementation of PL 92-500 would be generally adverse to the 
poor, ethnic minorities, and socially disadvantaged as compared 
to the better off segments of society. 
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CHAPTER 6 
INSTITUTIONAL ANALYSIS 
This section provides introductory material, documentation, 
and more detailed analyses for the summary discussions of insti-
tutional impacts in PAR T ONE. The order of presentation will 
roughly follow that of PA.R TONE. 
PL 92-500 A.ND IRRIGAT~AGRICULTURE 
Irrigated Agriculture: Background Information 
This section provides an introductory baseline description 
of irrigation organizations in the Colorado River Basin (CRB). 
Also included is a brief discus sion of the status of the National 
Pollution Discharge Elimination System (NPDES) as applied to 
irrigated agriculture. 
Various estimates discussed in PA.R T ONE, Section I of the 
report, are available concerning the contributions of the natural 
and agricultural systems to the salinity in the Colorado River 
Basin. Programs aimed at salinity control from irrigated agri-
culture included in PL 93- 320 can be seen in Table 11-66. The 
irrigation source control program is scheduled to achieve a reduc-
tion of 90 ppm in the five areas listedQ While the five areas are 
probably the most important irrigation-related sources of salt 
loading, all of the major subbasins in the Upper Basin contribute 
in varying degrees (see PART TWO, Section II, Chapters 1-3). 
It is in these latter areas that PL 92-500 could have wide appli-
cation. The Bureau of Reclamation has initiated the Irrigation 
Management System (IMS) and Water System Improvement (WSI) 
programs in each of these four irrigation source areas. These 
programs are important to water quality improvement and to 
implementation of PL 92-500. 
An indication of the kinds, locations, and magnitude s of the 
institutions noted in Table ll- 66 can be ontained from the 1969 
Census of A.griculture, Irrigation, and Drainage. Data are avail-
able by Water Resource Regions (Upper and Lower), Water 
Resources Subareas (WRSA), and state (see Tables II-67 and II-68). 
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Table 11- 66. Description and location of PL 93- 320 irrigation 
program elements. 
Area Areas Irrigated WRSA Program Description 
Grand Valley 76,000 1405 construction autrorized 
Lower Gunnison 160,000 1404 & 5 planning authorized>!< 
Uintah Basin 170,000 1403 II " 
eRI Reservation 62,000 1506 11 11 
Palo Verde 91,400 1808- 180 11 11 
*Bureau of Reclamation has initiated the IMS and WSI in all four 
areas. 
About 12,486 farms or 72 percent of all farms in the basin 
contain some irrigated land (see Table II-69). The average irri-
gated acreage per farm is 215. About 10,735 farmers or 62 
* 
>'.< 
>:< 
per cent of all far mer s owned all the land they oper ated. In 1969, 
29 percent were part owner sand 9 percent of the farm operator s 
rented all land operated. Thus on many farms, water quality in-
vestments and practices and EPA permits could either involve 
more than one person or absentee owners. Of farm operators in 
the basin, more than 58 percent had been on their farm over 10 
years and the average age of all farmers was 50. 6 years, indica-
ting that the potential for turnover in owner ship in the near future 
is high. This may in turn add to the trend toward consolidation of 
farms. 
The 1969 Census reported 1318 irrigation organizations in 
the basin (see Table 11-70). Eighty-five percent of these organiza-
tions were in the Upper Basin. The State of Colorado portion of the 
basin contained 837 or ganizations or 64 percent of the basin total. 
WRSA's 1404, 1405, and 1407, all in Colorado, contained the 
largest numbers of irrigation entities. More than 39,000 farms 
were associated with these organizations; that is, many farms 
received service from more than one organization. In the Upper 
Basin, farms served per organization averaged about 20 and irri-
gation organizations averaged only about 1, 000 irrigated acre s. 
Conveyance losses for all uses of water were estimated at 
903,000 acre-feet in 1969. In the Lower Basin, each organization 
was associated with an average of 750 farms and irrigation organ-
izations averaged about 3900 acres irrigated each. Conveyance 
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Table II-69. Selected agricultural institution information for 
Upper and Lower Colorado River Basins (1969). 
Item 
All Farms 
Irrigated Land - Farms 
Irrig. 
Tenure of Operation --
Full Owners 
Part Owners 
Tenants 
Irrigation Organizations 
Farms Served 
Ir rigated Land 
Water Delivered 
Conveyance Loss 
Drains Maintained 
Orgo 
Miles 
Drainage: 
Cl 1- 5 Farms 
Artificial Dr. Sy s. 
Independent Farm 
Public System 
Farm System Into 
Entirely Public Sys. 
Unit 
No. 
No. 
Acres 
No. 
No. 
No. 
No. 
No. 
Acres 
Ac. Ft. 
Ac. Ft. 
No. 
No. 
No. 
No .. 
No. 
No. 
No. 
Upper 
Basin 
10,262 
8, 125 
1,448,050 
6, 617 
2,948 
697 
1, 120 
24,307 
1, 338 
4,303 
903 
37 
454 
7, 195 
801 
419 
185 
245 
Lower 
Basin 
7, 175 
4,361 
1,241,907 
4, 118 
2,091 
966 
198 
15,078 
784 
3,971 
1;050 
21 
710 
5,274 
311 
126 
87 
104 
Total 
CRB 
17,437 
12,486 
2,689,957 
10,735 
5,039 
1, 663 
1, 318 
39,385 
2, 122 
8,274 
1, 953 
58 
1, 164 
12,469 
1, 112 
545 
272 
349 
Source: 1969 Census of Agriculture, Irrigation, and Drainage. 
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losses were estimated at 1,050,000 acre-feet in 1969. The convey-
ance los s per acre irrigated was substantially greater in the Lower 
than in the Upper Basin. 
Table 11-70. The number of each type of or ganization supplying 
irrigation water (1969). 
Type of Or ganization Upper Basin Lower Basin Total 
Unincorpor ated 
Incorporated Mutual 
Districts - Total 
Irrigation 
Other 
USBR Constructed and Operated 
USBR Constructed and User 
Operated 
USBIA,. 
State and Local Governments 
Commercial 
M &: I 
TOTA.L 
Source: 1969 Census of Agriculture 
791 
275 
29 
(23 ) 
(6) 
7 
20 
10 
1 
7 
108 
1120 
71 862 
78 353 
29 58 
(26) (49) 
(3) (9) 
4 11 
12 32 
12 22 
2 3 
2 9 
52 160 
198 1318 
The 1318 irrigation or ganizations in the basin are of 11 dif-
ferent types (see Table 11-70). These types differ in functions, 
authorities, and capabilities (an important fact to take into con-
sideration for water quality programs). About 65 percent of the 
organizations are unincorporated partnerships or informal groups 
of farmers. More than 25 percent are incorporated mutual com-
panie s which are owned by water user s and supply water at a cost. 
Fifty-four of the organizations involve projects constructed by the 
Bureau of Reclamation, of which 59 percent were still operated 
by the USBR. A.bout 12 percent of all organizations also supply 
water for municipal and industrial uses. 
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Fifty-eight of the irrigation organizations discussed above 
maintained drains in addition to their main responsibility of water 
conveyance. Fifty- eight companie s maintained 1160 miles of 
drain, mostly in Colorado and Arizona. 
More than 12, 000 Class 1-5 ($2,500 or more sales) farmers 
reported in 1969 that they maintained drainage on their farms (see 
Table 11- 68). However, only about 1100 far ms had what was 
defined as artificial drainage. More than half of these farms with 
artificial drainage were in Delta, Mesa, and Montrose counties 
in Colorado. Of the 1100 farms, 49 percent were drained by in-
dependent farm systems. Information on special agricultural 
drainage districts is available on a state basis (see Table 11-71). 
Of 363 special districts in 7 states, 37 percent had drainage as a 
maj or function. 
Table 11-71. Information on special drainage districts by states. 
D · a ralnage 
Total 
Drainage Major Function 
Drainage Secondary Funct. 
Total 
Ir rig. Di str ict 
Soil Cons. Dist. 
All Others 
AZ 
6 
1 
5 
4 
1 
CA CO 
192 52 
57 27 
135 25 
18 4 
53 21 
64 
NA NM UT WY Total 
Number 
15 12 38 48 363 
4 20 25 134 
15 8 18 23 229 
1 2 2 2 (33) 
11 6 15 21 (127) 
3 1 ( 69) 
Source: 1969 Census of Agriculture, Irrigation, and Drainageo 
a 
Data ar e for entire state s 0 
The 1972 Census of Governments provides information on 
special state and county districts that administer water use and 
distribution in the seven states (see Table 11-72). There is possi-
bly some duplication in the irrigation and drainage district data 
discussed above, but these data show a large number and wide 
variety of special districts that could be involved in a water quality 
permit system. Fourteen different kinds of districts are identified .. 
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Table 11- 72. State and county districts concerned with administra-
tion, by states, January 1872. 
Type of 
Special District AR CA CO NA NM UT WY 
Agriculture 
Improvement District 1 
County Service 
Areas 7 
Drainage Dis trict ·28 4· 4 20 22 
General Improvement 
District 0 
Grcund .Water Manage-
ment District 7 
Internal Improvement 
District 0 
Irrigation District 38 101 17 2 20 37 
Public Irrigation 
Power District 1 
Irrigation Water 
Development District 14 
Metropolitan Water 
District 3 6 
Reclamation 
District 147 
Irrigation and Water 
Conservation District 8 
Water Conservation 
District 0 46 4 13 2 
Water Supply and 
Conservation District 447 
TOTALS 53 723 73 24 54 62 
Source: 1972 Census of Governments 
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Of 995 special districts shown,. 723 are in California; the 
other leading state is Colorado with 73. Irrigation districts com-
prised LX/o-fifths of the total and there were 74 drainage districts 
in this general type of organization. 
On the basis of various studies, the Environmental Protection 
Agency proposed in May, 1973, to exclude for the present time 
certain categories and classes of agricultural point sources from 
the requirements of the National Pollution Discharge Elimination 
System (NPDES). The Act and legislative history indicate that 
Congress regarded discharges from agricultural activities as 
problems to be dealt with primarily through the exercise of pro-
visions applicable to non-point sources and that the administrator 
would have discretion to distinguish among categories and sizes 
of agricultural sources$ The basis for exclusion is that the 
pollution problems cause by excluded categories of point sources 
are minor in relation to the administrative problem of processing 
vast numbers of agricultural cases. (Federal Register, Volume 38, 
No. 128, Thursday, July 5, 1973, Page 180000) 
Numbers of entities in the Colorado River Basin are consis-
tent with the above decision. It was noted that more than 12, 000 
farms contain irrigated land. There are more than l, 300 irriga-
tion organizations in the basin, along with several hundred drainage 
districts and about a thousand special state and county districts 
dealing with water. The above reservations and general situation 
led to agricultural application of the NPDES system only to irrigated 
ar e as 0 f 3, 00 0 a c res 0 r rn 0 r e . 
The U. S. District Court for the District of Columbia ruled 
on March 24, 1975, that the administrator of EPA cannot lawfully 
exempt point sources discharging pollutants from regulation under 
NPDES (Natural Resources Defe_nse Council Inc. v. Russel Trai.!:?-., 
Admin, of EPA, et aL" Civil A_ction No. 1629-73). The case will 
likely be appealed, but this decision would mean that the size 
exemptions set in July 1973 would not be in force. The number of 
agricultural entities==land owners, farm operators, irrigation 
cornpanies, irrigation districts, etc. --subject to the permit system 
would be increased substantially. Until final adjudication of the 
case, the agricultural permit system appears to be in limbo as 
evidenced by the small number of permits issued: only six irri-
gation return flow permits in the entire basin and less than 40 for 
livestock operations as of April 15, 1975 (see Table 11-73). 
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Table II-73. Irrigation return flow permits issued as of April 15, 
1975. 
Date Applicant Magnitude Location 
15 Jan' 75 Bureau of Reclamation 8. 9 mi. subsurface Cast.ledale, 
20 Jan t 75 Uintah Conservancy 
District 
31 Dec '74 Private 
6 Nov '74 Eden Valley Irr. & 
Drainage District 
26 Oct '74 Bureau of Reclamation 
South Side 
May 174 
Collection System 
North Gila Valley 
Irr. District 
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drains Lawrence, & 
Elmo, Utah 
5. 7 mi. subsurface Vernal, Utah 
drains 
4, 000 acre s 
16,000 acres 
240 acres 
Subleite, 
Wyoming 
Sweetwater, 
Wyoming 
Pitkin, 
Colorado 
Yuma, 
Arizona 
Livestock Industry: Background Information 
This section provides an introductory baseline description 
of the cattle and dairy farm operations in CRB. Also, the possible 
impacts of the NPDES system of CRB livestock operations will 
be explored. 
In 1969, there were about 17, 000 farms and ranches in the 
Colorado River Basin (see Table 11-74). Nearly 11, 000 of these 
farms had cattle and calves and about 7, 700 farms and ranches 
had 20 head or more.. In view of the range economy, alar ge 
percentage of these livestock units likely were not in confined or 
concentrated locations. In a recent survey, the State of A.rizona, 
which is largely in the CRB, had only 47 feedlots of which 41 exceeded 
1, 000 head (USDA, 1975). Feedlot operations are not available 
for portions of other state s in the basin. Many of the cattle and 
calf units noted above would be in confined locations during part 
of the year and could qualify within the EPA permit system. In 
1969, about 3,500 farms had some milk cows, but only 700 of 
these farms had more than 10 head. Most of these larger dairy 
units were in WRSA.t s 1401, 1403, and 1505. 
The permit situation with respect to livestock operations is 
much more straightforward than for irrigation farmer s. Waste-
water discharge permits have been issued to some dairy and beef 
feeding operations to control runoff. While specific physical 
problems may be encountered, compliance usually involves addi-
tional inve stment and costs to the live stock operator. In practically 
all instances, lower net income will result if the operator has to 
bear the costs. 
To date, the permit system has been functioning with a mini-
mum sized limit for livestock of 1, 000 animal unitso The following 
animal unit multiplier s have been applied: 
Slaughter and feeder cattle 1.0 1, 000 head 
Mature dairy cattle 007 1,430 II 
Swine over 55 pounds 0. 4 2,500 II 
Sheep 0 0 1 10,000 11 
It is noted that there are only about 40 feedlot units in Arizona with 
1, 000 head or more. The 1969 Census showed 812 farms in the 
basin with more than 500 head of cattle and calves and 153 farms 
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Table ll- 74. Farms reporting cattle and calves and dairy cows, 
Upper and Lower Colorado Basins and water re sour ces 
subareas. 
Region and All farms Cattle and calves Milk Cows 
WRSA All far m s Mor e than All far m s More 
20 head than 10 
Number of farms 
1401 1, 113 889 754 450 74 
1402 826 578 490 213 9 
1403 1,583 1,261 916 558 152 
1404 1, 145 735 469 301 35 
1405 2,041 1, 102 692 431 47 
1406 1,089 654 369 269 25 
1407 1, 795 1, 166 727 435 38 
1408 670 498 388 193 17 
Upper Basin 10,262 6,883 4,805 2,850 497 
Number of farms 
1501 598 481 347 113 7 
1502 873 641 487 193 39 
1503 986 735 589 193 15 
1504 1,676 902 678 169 21 
1505 2,384 1, 144 752 302 149 
1506 658 80 51 8 '1 
Lower Basin 7, 175 3,983 2,904 865 232 
Source: 1969 Census of Agriculture. 
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with more than 100 dairy cows. While total numbers of farms with 
any livestock are relatively great, a 1, 000 head limit would reduce 
the numbers greatly. As of April 15, 1975 and within the 1, 000 
.A. U. limit, 39 livestock permits had been issued in the Colorado 
Ri ve r Basin as follows: 
Cattle-- steers 
Dairy 
Trout 
Hens 
Swine 
31 
2 
4 (Fish and Game-Arizona) 
1 
1 
39 
All of these permits except two (Colorado) were in the State of 
Arizona (see Table 11-75). 
A study by Johnson et al. divided the beef feeding industry 
into two geographic areas: Eastern (states north and east of 
Nebraska) and Western (Texas, Oklahoma, Colorado, Arizona, 
California) (Johnson et ale, 1975). These states contain 98 per-
cent of the feedlots and market 95 percent of the beef in the United 
States. A basic difference in the two areas is the amount of pre-
cipitation. Thus, in the West, all operations are open lot with no 
shelter s. Eastern operations generally are open lots for units 
gr eater than 1, 000 head and unpaved dry (shelter) lots for small 
units. Twenty- seven percent of the lots in the study had runoff 
problemso Responses of operators to costs (see Table 11-76) 
were not determined in the study. Some may discontinue business. 
Others may adjust to larger sizes. Shifts may occur in geographi-
cal location of the feeding busine s s. 
A study of runoff from dairy operations by Buxton and Ziegler 
covered these areas: Northern (states east and north of Iowa), 
Southeast (four coastal state s, Florida north) and Southwe st 
(Arizona and California) (Buxton and Ziegler, 1974). These 
states produce 80 percent of the milk and contain 75 percent of 
the dairy herds in the United States. Costs for an acceptable 
control system are shown in Table II-77. Sample areas in California 
were characterized by extremely difficult physical (land and water) 
conditions which would re sult in lar ger co sts than expe cted other-
wise. Northern operators now spread manure on frozen land. If 
they had to eliminate this cold weather practice, costs would in-
crease greatly over those above. 
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Table 11-75. Permits issued to livestock operators as of 
15 April 1975. 
Date 
6/21/74 
1406 8/27/73 
1406 11/2/73 
1502 7/2/74 
1503 9/26/73 
1503 4/15/74 
1504 9/18/73 
1504 11/5/73 
1504 4/12/74 
1504 9/3/74 
1504 9/30/74 
1504 6/3/74 
1504 10/30/74 
1504 9/15/74 
1504 10/30/74 
1504 10/5/73 
1504 10/15/73 
1505 10/29/73 
1505 10/18/73 
1505 6/3/74 
1505 7/2/74 
1505 5/20/74 
1505 7/2/74 
1505 7/2/74 
1505 10/1/73 
1505 10/29/73 
1505 9/25/73 
1505 10/25/73 
1505 11/18/74 
1505 11/9/73 
1505 9/18/73 
1505 5/6/74 
1505 10/25/73 
1505 11/27/74 
1506 10/24/73 
1506 10/24/73 
1506 4/15/74 
1506 4/9/74 
1506 4/30/74 
Applicant 
Union Feed Yards 
Collins Farms 
Robert D. Lorey 
Arizona Game &: Fish Dept. 
Maitice Livestock Co. 
Norman Welker 
Spur Industrie s 
T &: C Feeding Co. 
Kelly Feeding Co. 
Red River Feed Yard 
Hughes &: Hanz Cattle Co. 
Farmer s Investment Co. 
Arizona Feeds 
Benedict Feeding 
Arizona Hog Co. 
John Smith 
Red Rock Feeding Co. 
Zinke Investments 
Baseline Cattle Co. 
Murray Johnson 
Arizona Game &: Fish Dept. 
Jones &: Jones, Inc. 
Arizona Game &: Fish Dept. 
Arizona Game &: Fish Dept. 
Gila Feed Yards 
Certified Producers Ass. 
Morrison Bros. 
M &: W Enterprises 
John Vanderwey 
Davis Dairy 
Grouskay Feeding Co. 
Jolley Cattle Co. 
Scotsdale Feed Yard 
Rogers Farms 
B C Systems 
B C Systems 
McElhaney Cattle Co. 
Clayton Livestock Co. 
Wol£sen's Feedlots 
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Magnitude 
8,694 steers 
2, 500 cattle 
1, 372 1 b s. na ti ve 
trout 
7,000 f\~eder calves 
1,800feeder steers 
44,000 beef 
22, 000 cattle 
30,000 beef 
82,000 feeder calves 
60,000 beef 
20,000 cattle 
120,000 hens 
21, 000 cattle 
5,500 swine 
3,000 beef 
20,000 beef 
1, 000 Holstein 
16,000 cattle 
2, 000 steer 
61,000 Ibs. trout 
1, 000 cattle 
66,000 Ibs. tr out 
77,000 1bs. trout 
32,000 cattle 
600 swine 
700 cattle 
3,500 steer 
2,200 cattle 
1, 000 cattle 
750 cattle 
4,500 cattle 
28,000 steer 
2,000 steer 
13, 948 cattle 
4, 869 cattle 
75" 000 cattle 
13,000 cattle 
7, 000 cattle 
Location 
Blythe, CA 
Montrose, CO 
Montrose, CO 
Flagstaff, AZ 
Pima, AZ 
Safford, AZ 
Pinal, AZ 
Pinal, AZ 
Maricopa, AZ 
Pinal, AZ 
Pinal, AZ 
Pima, AZ 
Pima, AZ 
Pinal, AZ 
Pima, AZ 
Pinal, AZ 
Pinal, AZ 
Maricopa, AZ 
Maricopa, AZ 
Maricopa, AZ 
Payson, AZ 
Maricopa, AZ 
Heber, AZ 
Cornville, AZ 
Maricopa, AZ 
Maricopa, AZ 
Maricopa, AZ 
Maricopa, AZ 
Maricopa, AZ 
Maricopa, AZ 
Maricopa, AZ 
Maricopa, AZ 
Maricopa, AZ 
Maricopa, AZ 
Yuma, AZ 
Yuma, AZ 
Yuma, AZ 
Yuma, AZ 
Yuma, AZ 
Table 11-76. Investments and costs for an acceptable control 
system for fed- beef production facilitie s. 
Size of feedlot Capital per head Cost per head marketed 
Less than 100 
100-
200-
500-
1000 or more 
Les s than 1000 
1000-
8000-
16000 or more 
East West 
145 
21 
12 
8 
3 
dollar s 
22 
3 
1. 61 
1. 38 
East West 
21. 17 
3. 14 
1. 84 
1.28 
0.69 
dollar s 
5.79 
0.57 
0.40 
0.36 
Source: Economic Impacts of Controlling Surface Runoff for Fed-
Beef Pr oduction Facilitie s. 
Table II-77. Inve stments and costs for an acceptable control 
system for dairy farms. 
C ow herd size Inve stment per cow Cost per cow 
North Southeast Southwest North Southeast Southwest 
15 187 193 237 30 30 40 
30 69 12 
80 34 44 52 6 8 10 
150 25 34 4 6 
250 30 27 6 5 
500 27 20 5 4 
Source: Economic Impact of Controlling Surface Runoff from u. S. 
Dairy Farms. 
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If dairy herds less than 20 cows in size were eliminated 
from a control program, U .. S. investment in dairy control facili-
ties would decrease 32 percent. Herds les s than 100 cows in 
size would account for 90 per cent of the total inve stment. 
Several conclusions are suggested by the study: 
1. The Northern region would incur a substantial relative 
disadvantage if the regulations prohibited winter spread-
ing of manur e on the land. 
2. The financial impact is much greater on smaller farms. 
3. A.n industry effect might be increased efficiency by 
forcing small farms out of business or causing them to 
expand to lar ge r, mor e efficient oper ations. 
4. In the short run, the added cost would be absorbed by 
pr oducer s in the for m of Ie s s net income s. 
5. In the long run, increased costs could accrue to con-
sumers by as much as 10¢ per 100 pounds of milk. 
Sour ces of Federal Aid to Agriculture 
There presently exist various programs of federal aid, 
ranging from outright grants to guaranteed insured loans available 
to individual farnlers or public agencies and organizations. These 
programs may be applied to aid in implementation of control 
measures called for under PL 92-500. An annotated listing of 
these programs appear s in Table 11-78. In addition, there are 
federal assistance programs available to support water resources 
research, planning and water pollution control training under the 
Department of Agriculture, Department of Interior, National 
Science Foundation, Smithsonian Institution, Water Resources 
Council, and Environmental Protection Agency. These programs 
do not directly aid farm operators or agencies concerned with im-
plementation of PL 92- 500 and therefore are not listed, but must 
be considered resources to aid future progres s toward the goals 
of PL 92-500. 
315 
Table II-78. Description of federal financial aid programs. 
Program Objective of Program 
Rural Environmental 
Conservation Program 
Technical As sistance to 
Cooperatives 
Farm operating and 
Ownership loans 
Irrigation, Drainage, and 
Other Soil and Water 
Conservation loans 
Resource Conservation and 
Development loans 
Soil and Water loans 
Water shed Pr ote ction and 
Flood Pre s ervation loans 
Busine s s and Industrial 
Development loans 
Stimulate farmer s, through cost 
sharing, to carry out soil, water, 
and woodland conservation prac-
tice s. 
Provide advisory services and 
counseling; dis seminate technical 
infor mation. 
Make efficient use of and carry 
out sound farm operations. 
Improve use of land and increase 
income of farm facilities. 
Accelerate programs of resource 
development to increase economic 
opportunity for local people; limited 
to RCD designated areas. 
Facilitate water development, con-
servation and use, and drainage of 
farmland. 
Help local sponsor s with costs of 
watershed improvements for irri-
gation, drainage, water quality 
management, sedimentation con-
trol, etc. 
Assist public, private, or cooper-
ative organizations to improve 
economic and environmental climate 
in rural communitie s including 
pollution abatement and control. 
316 
Table 11-78. Continued. 
Program Objective of Program 
Industrial Development 
grants 
Information on Agricultural 
Activities 
Resource Conservation and 
Development 
Watershed Protection and 
Flood Prevention - PL 566 
Indian Lands - Irrigation, 
Construction, Maintenance, 
Oper ation, and Related 
Power Systems 
Indian Lands - Soil and 
Moisture Conservation 
Irrigation Distribution 
System loans 
Irrigation Systems 
Rehabilitation and Better-
ment 
Finance .•. pollution control 
and abatement incidental to site 
development. 
Dis seminate agricultural informa-
tion to farmer s for teaching better 
farm practices. 
A.ssist local people in carrying 
out long-range programs of resource 
conservation, including control and 
abatement of agriculture-related 
pollution. 
Provide technical and financial 
as sistance in planning, de signing, 
and installing watershed works of 
improvement including irrigation, 
drainage, and sedimentation con-
trol. 
Develop irrigation facilitie s with-
in Indian reservations. 
Assist owners and users of Indian 
lands in water conser vation. 
Provide loans to irrigation districts 
to plan, de sign, and construct irri-
gation and drainage systems. 
Rehabilitate and improve irrigation 
facilitie s on projects governed by 
reclamation law. 
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Table 11-78. Continued. 
Program Objective of Program 
Small Reclamation Projects 
Federal Reclamation 
Projects 
Water Pollution Control -
State and Inter state Program 
Grants 
Water Quality Control -
Monitoring As sistance 
Water Pollution Control 
loans 
Provide federal loans and grants 
to public or ganizations for better-
ment of water resource development 
projects, including irrigation and 
drainage. 
Provide federal development of 
multi-purpose water resources 
projects, including irrigation and 
water quality control. 
As sist State and inter state agencie s 
in establishing and maintaining 
adequate measure s for prevention 
and control of water pollution. 
A.s sist federal, State, inter state, or 
local authoritie s in control or pre-
vention of water pollution thr ough 
application of monitoring and date 
technology beyond the limitations 
of their own resources. 
Assist small busines ses which would 
otherwise suffer economic injury 
in adding to or altering their equip-
ment, facilities, or methods of 
operation to meet the water pollu-
tion control requirements established 
under the Environment Protection 
Agency. 
Source: 1974 Catalog of Federal Domestic Federal Assistance. 
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Is sues Related to Agriculture: A.dditional Analysis 
Fir st Is sue Area: Will the imposition of PL 92- 500 water 
quality controls amount to an uncompensated taking of vested 
water rights on an actionable inter ference with rights of 
junior return flows? 
One unstated premise unde~lying the discha~ge permit and 
effluent limitation features of PL 92- 500 is that the government 
imposition of those controls on owner s of water rights can occur 
without a n takingfl of those rights or payment of compensation to 
the owners. Whether such a premise will survive the application 
of PL 92- 500 to irrigated agriculture in the eRB is an important 
issue. 
Since agricultural interests ar·e objecting vehemently to 
EPA's plans and attempts at requirinj discharge permits and effluent 
limitations for irrigated agricultur e, it can be safely as sumed 
that court tests of such EPA actions will be forthcoming, possibly 
within the eRB. The central is sue will be whether property rights 
are being taken without due process of law. The opposition of 
the agriculturaEsts no doubt will heighten now that a federal 
court has struck down the EPA regulation which had exempted 
from the discharge permit program return flows from less than 
3, 000 contiguous acres. The Court left the door open for the 
Administrator lIto rank categories and sub-categories of point 
sources of different importance and treat them differently within 
a permit program, II but such an approach is yet to be implemented 
by the EPA. 
Both of the two maj or methods of salinity control in irrigated 
agriculture- -improved irrigation efficiency and return flow treat-
ment--are costly to the farmer. The estimated per-acre range 
of costs per ton of salt removed for sprinkler irrigation is $185 to 
$308; for canal lining is $14 to $30; and for desalting is about $30 
per ton of salt removed. The zone between police power regulation 
(which does not require affected property owner s to be compensated) 
1The opposition of agriculturalists was stronly expressed 
by conferees attending the meeting of the National Water Resources 
A.ssociation Water Users Committee on March 14, 1975, at 
Salt Lake e ity. 
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and eminent domain taking (which requires compensation for the 
property owners) is imprecise and is subject to every-changing 
legislative and judicial rules and philosophies (Dunham, 1962). 
As the General Counsel of the National Commission on Water 
Quality recently summarized the problem: 
Courts have held that while a State may with impunity limit 
the use of property, an owner must not be deprived of all 
beneficial uses of his property_ And there comes a point, 
as Justice Oliver Wendell Holmes put it, 'At which the Con-
stitution applies, and forbids physical appropriation and 
legal restrictions alike unless they are paid for. I Unfor-
tunately, that 'point' is ill-defined. (Cahill, 1975) 
In short, the issue is one that is resolved on a case-by-case basis. 
The recent case of Mor shead v. California Regional Water 
Quality Board, 45 C. A. 3d 442 (1st Dist., Div. 2, 1975), illustrates 
some of the general rules operative in this area of the law. The 
Water Quality Board issued orders prohibiting sanitation districts 
from discharting untreated sewage and from authorizing new sewer 
connections. Property owners, confronted by this II building-
ban,lt sued the Board, alleging that they were denied procedural 
due pr oce s s and that the issuance of the or der s amounted to a 
taking of their property without compensation by inverse condemna-
tione The Court ruled in favor of the Board, noting, at 449, 
t1personal hardship inveriably will result from a valid exercise 
of police power. II 
The police power of a state embraces regulations designed 
to pr omote the public health, the public morals, or the public 
safety_ Compensation has never been a condition of its 
exercise even when the attendant with inconvenience or 
peculiar los s, as each member of a community is presumed 
to be benefited by that which promotes the general welfare. 
(Supr a, at 450) 
2 
A somewhat similar factual situation arose in Connecticut 
but the Federal Court declined jurisdiction over the case. A.livin 
Construction Co., Inc. v. Lufkin, 360 F 0 Supp. 1119 (D. C., D. 
1973). 
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Similarly, it has been held that the imposition of air quality 
regulations, prohibiting the use of incinerator s, was a legitimate 
police power action and did not involve a taking of pri vate property 
without just compensation. Lee s v. Bay Area .Air Etc. Control 
Dist., 238 C. A. 2d 850 (1965). The imposition on the property 
owner of costs as sociated with pollution abatement must be reason-
able and not arbitrary. Where a county, for example, includes 
sparsely populated farm land in a sanitation district and imposes a 
special asses sment on that land, a taking of private property with-
out due process could be involved. Cabentz v. Sparks, 35 F. Supp. 
605 (D. C., S. D. Ohio 1940). PL 92- 500 sets up a noticed hearing 
procedure which is designed to provide an advanced public airing on 
proposed effluent limitations and to avoid unreasonable applications 
of the limitations (Section 302(b)). Proposed effluent limitations, 
and the related notices for public hearings, are regularly published 
in the Federal Register. 
While it is impos sible to predict, in general, the outcome 
of any particular control program in the courts, it would appear 
that Congress did not intend to authorize the condemnation of 
pri vate property rights in conne ction with the effluent limitation 
and discharge permit program under PL 92- 500. The A.ct, for 
example, contains no general provision authorizing the EPA Admin-
istrator to acquire property by purchase or condemnation. 
To the extent that the PL 92-500 water quality controls, 
when implemented., ever do involve the taking of private property 
with the payment of fair compensation, a time-honored mechanism 
of institutional change would be at work. The governmental dis-
ruption of private rights in re sponse to changed public value sand 
demands finds considerable precedent of the history of water 
resource development in this country. Under the statutes of many 
Western states, for example, one person's private land tradition-
ally has been subject to condemnation to allow for another person's 
private canal right of way. What occurs is that solutions to the 
water resource needs of a large or influential segment of society 
become politically important enough to be declared a "public pur-
pose" justifying the exercise of eminent domain powers by federal, 
state, or local government. Of neces sity, the condemnation of 
private water rights has prefaced federal reclamation development 
over the years. In the leading water case of United States vs. 
Gerlach Livestock Company, 339 US 725 (1950), for example, it 
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was recounted how the construction of Friant Dam in the Central 
Valley project cut off the seasonal overflows of the San Joaquin 
to which numerous irrigators had established vested rights under 
state law. Broadly speaking, controlled and regulated irrigation 
for many was valued over uncontrolled irrigation for a few. In 
effect, one established developmental interest is dislocated or 
replaced, upon receipt of fair compensation, to promote another 
sector of developmental interests. Such trade-offs are generally 
accepted in our society. 
Any taking of private property- -whatever the announced 
motive--must be judged, of course, on the basis of the costs and 
benefits of the particular case. To date, such an analysis has 
not been undertaken because it is presumed that the water quality 
control program of PL 92- 500 can be achieved through the exer-
cise of the police power, without condemnation. 
The first person to divert the water from a stream and apply 
it to a beneficial use acquires the prior right. He may take the 
entire flow of the stream and is not required to share shortages. 
Vlhen water is diverted and applied to irrigation use, a substantial 
amount of the water di\-erted is not consumed by evapotranspiration, 
and returns to the stream. The same thing is true, in varying 
degrees, to water diverted for industrial or municipal use. Irri-
gation efficiencies vary widely, but 60 percent efficiency in irriga-
tion use is probably on the high side. Some irrigation efficiencies, 
such as high mountain native hay meadow flooding may be as low 
as 25 percent. 
As a result, the rights of most of the junior appropriators 
rely upon the existence of return flows from senior appropriators. 
In Colorado, for example, the waters of the South Platte River are 
considered to be used at least five times. This situation likewise 
obtains on the j\ .. rkansas River in Colorado, and, to a lesser extent 
to the Rio Grande. As development progresses on the Colorado, 
the same reliance on return flows will occur. If the implementation 
of PL 92- 500 results in the elimination or reduction of return 
flows, the impact on the water rights of junior water us er s, 
whether upstream or downstrearn, will be severe, especially in 
situations where water is already in short supply. 
Any control over salinity which results in a decrease of 
return flow adver sely affects existing and future water rights in the 
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basin. The right to use water is a usufructuary right, and does 
not permit waste. If water is evaporated in order to reduce salin-
ity, an increased consumptive use results which may be enjoined 
by a junior appropriator who is thereby deprived of water. The 
only alternative available to the senior is to acquire sufficient 
water of a senior status to make up the additional evaporation loss, 
or reduce his initial use to the extent that the total of his initial 
use plus his evaporation loss will equal his historic consumptive 
use. This will cause serious dislocations of exi·sting water uses, 
or, in the alternative, reduce substantially the initial beneficial, 
non-evaporative uses. Thus, the degree of ponding, and the resul-
tant evaporative losses, or recycling, required to improve water 
quality, will have a significant economic impact. This is particul-
arly true if these measures are required for irrigation return 
flows, as irrigators are probably not able financially to acquire 
the senior water rights necessary to replace increased consumptive 
use. 
It may be useful to illustrate the problem in several contexts. 
As sume that X is an upstream irrigator in a prior appropriation 
jurisdiction and that Y has downstream rights in XI s return flow 
or in waters formed in part by X's return flow. The EPA (or 
state agency) imposes a discharge permit condition on X requiring 
the containment of all of his return flow in an evaporation pond. 
Y sues EPA and X. First assume Y's appropriation is junior to 
X then assume it is senior to X. Under existing law, the evapora-
tion by X of all of his return flow would be an enlarged use, action-
able by Y who is entitled to have conditions on the stream maintained 
as they were at the time Y made his appropriation. When Y made 
his appropriation, XI s return flows were part of the stream and 
part of the resource upon which Y was entitled to rely as a source 
of Y' s supply. XI s defense, if he has one, is that he is complying 
with a lawful exercise of police power. X might seek to join EPA 
as the responsible party. 
Compensation would solve most of the problems. If EPA 
compensated Y for the value of the water 10 st, Y could (1) replace 
the water lost by purchase from another, or (2) keep the money 
awarded and adjust his operations to the reduced supply. The nega-
ti ve social benefits from reduced irrigation use should not be 
ignored. Regardless of which option Y exercises, some land 
will be taken from production. It would therefore appear that total 
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benefits, both social and economic, are best maximized through 
encouragement of more efficient irrigation .r-ractices, so that the 
optimum amount of water is applied to the land, and return flow 
and the consequent salt loading are minimized. This system has 
multiple benefits. New use s, such as ener gy production, could 
be accommodated with the water saved, so that salt concentrations 
are not increased by further reduction of flow, or, if greater 
benefits are realized, the water saved can be left in the stream 
to dilute the pollution and thus reduce the mg/l of salts. Further-
more, the water quality is enhanced by less salt loading from irri-
gation return flows as those flows are reduced by elimination of 
exce s si ve application of irrigation water. 
The EPA. (or state agency) imposes a discharge permit con-
dition on X requiring X to use drip irrigation methods (as sume 
that such methods reduce salt loading and water diver sions from the 
stream can be reduced). EPA files on the undiverted water to enhance 
minimum flows for dilution purposes. Y files on the undiverted water 
to put new acreage under irrigation. As sume state issues appropria-
tionpermitto EPA and Y sues state. Assume X sues EPA. and state 
for that state impose s a char ge or tax upon Y and other beneficiarie s 
of salvaged water and credits the receipts to a subsidy for XI s water 
salvage efforts; then Y contests the tax. 
It is difficult to see how EPA could claim the undiverted water 
for the purpose of enhancing minimum flows for dilution purposes, 
unless this water was the result of EPAI s investment in the capital 
costs of drip irrigation. In order to provide the necessary incen-
ti ve to make the capital inve stment to conserve the water, the one 
who makes the investment should reap the benefits accruing from 
the inve stment. In Colorado and A.rizona, currently, such benefits 
are denied to the one making the investment. (See Salt River 
A.gricultural etc. Project v. Kovacovich, 3 Ariz. A.pp. 28, 1966; 
and Shelton Far m s and New Me xi co- Color ado Land Co. v. 
Southeast Col.orado Water Conservancy District, 1975, 529 p. 2d 
1321.) California, apparently, has ruled to the contrary. (See 
Wiggins v. Muscupiabe Land & Water Co., 113 Cali£. 182, 45 Pac. 
160, 1896.) We have found no decisions on the subject in the other 
four Colorado River Basin states. 
It is difficult to under stand why Y should be given a permit 
for the undiverted water. Y is not injured because, even though 
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EPA or X is given the benefit of the salvaged water, yl s position 
has not deteriorated. Nor should EPA have an action against the 
state if EPA did not contribu te the capital cost incurred by X. 
If the state taxes Y to pay for XiS capital costs, Y should not pay 
unle s s Y gets the benefit of the salvaged water. If Y doe s not 
get the salvaged water, his position is unchanged. If Y does get 
the salvaged water, his position is enhanced, and should pay for 
such enhancement. X can be required to impr ove irrigation effi-
ciency either by duress, or because it is economically desirable. 
Surely there can be little question as to which method is superior. 
As sume that U is an upstream irrigation district and D is 
a downstream irrigation district. The EPA ( or state agency) 
imposes a discharge permit condition on U, requiring the district 
to install a desalinization facility to treat return flows. U imposes 
a tax upon the owners of irrigable land to cover the cost of such a 
facility. Assume the owners sue U. Assume U forecloses on the 
resultant tax liens. Assume U sues EPA. Assume D obtains 
more and higher quality water as a re suIt of UI s facility; then U 
sues D to recover cost of facility. 
This fact situation presents the same legal problems as 
those discussed above. Hopefully, the entity receiving the benefit 
would pay the cost. If the authority of EPA. to impose the dis-
charge permit condition on U is established, it would appear 
that the levy of the tax is a proper function of the district, as the 
installation of the necessary desalinization facility is a necessary 
prerequisite to the furnishing of water, which, of cour se, is the 
primary function of the district. Once the validity of the policing 
regulation is established, the construction of the desalinization 
facility is an appropriate function of the district, similar to the 
installation of a recording guage on the district
' 
s headgate in 
response to an appropriate order of the state engineer. 
If D receives more and higher quality water as a result of 
UI s expenditure, equity would seem to require D to pay a portion 
of the cost. However, historically, such benefits have, in the 
past, been regarded as a windfall to D, for which no contribution 
has been required. A pos sible analagous situation is the one where 
U imports water from another drainage, the return flow from such 
is an unexpected windfall to the stream. The Colorado courts 
have held that once the return flows reach the stream and are 
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commingled with the native waters of the stream, the importer 
loses dominion over such imported water s and they are subject 
to appropriation or diversion under existing decrees. 
D requests the EPA. (or state agency) to impose a discharge 
permit condition on U requiring de salinization of UI s return flows, 
but EPA refuses. A.ssume D sues EPA and U. Assume D installs 
pretreatment facility and taxes its owners of irrigable land to 
cover the cost; then owners sue D or D sues EPA and U to recover 
co sts. The suit by D against U and EPA would appear to depend 
upon the reasonableness of EPA's refusal to require U to install 
the de salinization facilitie s. EP Al s dete rminations would appear 
to be the type which will be sustained unless clearly arbitrary or 
caprIcIous. Aside from the argument as to whether EPA! s decision 
is subject to collateral attack rather than direct appeal of EPAl s 
decision, the burden on one seeking to overturn the EPA decision 
is an onerous one" 
Second Is sue Area: Will PL 92- 500 water quality controls 
foster changes in the legal concept of "beneficial use" or 
encourage more efficient practice under existing rights? 
PL 92- 500 can be expected to add momentum to three changes, 
among others, in water rights law in the eRB: (1) the recognition 
of pollution contr 01 or abatement a s a new type of 11 beneficial use11 ; 
(2) the expansion of the n reasonable use'l doctrine to encompas s 
advancements in farm management and water quality control 
technology; and (3) the development of legal incentives for more 
efficient ir rigation pr actice s" 
Pollution control and abatement as a II beneficial use.'1 Water 
has been allocated and managed in the West principally to satisfy 
consumptive uses. If water was 11 unappropriated, 11 the proposed 
use 11 beneficiall1 and the method of applying the water 11 reasonable,'1 
a right to use the water traditionally could be perfected and main-
tained. Any potential of the use to cause water pollution was not 
relevant in most instances to the threshold establishment of the 
water right. The capacity of the water use to generate income, not 
its downstream impact on water quality, has been controlling. As 
noted~ 
In large measure the 1 public interest' was equated with 
beneficial use. Since water applications could only be 
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approved if they were for beneficial purposes, and since 
beneficial purposes were in turn equated with economic pursuits, 
applications for mining, manufacturing, municipal, and 
agricultural purpose s automatically qualified as I beneficial. ' 
(Dewsnup and Jensen (eds.), 1973) 
Express and detailed procedures (involving water right decrees, 
certificates, permits and contracts) evolved to provide a founda-
tion of security for consumptive uses. Very little was done, by 
comparison, to formalize and protect the non- consumptive 
utility of water, except in the instance of hydroelectric power pro-
duction. 
Policies in some states are changing, however, according to 
the Dewsnup and Jensen survey sponsored by the Nation al Water 
Commission: 
Within recent years some states h3.ve added legislative 
criteria to guide the State engineer in acting upon water use 
applications, including pr ovi sions which requir e the State 
engineer to consider instream value s, and to reject applica-
tions which would unreasonably interfere with instream 
use s. The se value s might include such considerations as 
fishery resources (maintaining habitat for fish as well as 
fish life), water quality, streamside vegetation, esthetic 
and scenic beauty, recreational uses, and other social 
values which would not have qualified as beneficial uses in 
earlier times. (Dewnsup and Jensen (eds.), 1973) 
With the qualified exception of California, 3 water quality control 
or abatement is not expressly regarded as a beneficial use in the 
water laws of the CRE states at present, although few people 
would argue that such a use actually is not beneficial. Colorado 
expanded its statutory definition of 11 beneficial usell in 1973 to 
include 11 the appropriation by the State of Colorado in the manner 
prescribed by law of such minimum flows between specific points 
3 
The California Water Code, Section 1257, includes as 
beneficial uses II any uses specified to be protected in any relevant 
water quality control plan rr See also, Section 1243 and 
1243.5. 
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or levels for and on natural streams and lakes as are required 
to preserve the natural environment to a reasonable degreell 
(1973 Colorado Session Laws, Chapter 442, Section 1; Colorado 
Revised Statutes 148-2-1- 3(7)). In general, however, lIbeneficial 
usell still is reserved for developmental pursuits in the CRB. 
In the permit states (all of the Colorado River Basin states 
except Colorado), the body having authority to issue permits can 
consider what is in the best interest of the state, and therefore 
can consider the impact of a new application for a permit on water 
quality. Permits generally designate the amount of water authorized 
to be diverted, and may limit the consumptive use. They also 
spell out the nature of the use. To the extent that pollution control 
enlarges the use under an existing permit, or constitutes a new 
use, it would appear that new or amended permits would be 
required. Where, however, there is little or no additional 
water available for appropriation, or where the new right would be 
so junior as to be unreliable, as is the usual case in the Colorado 
River Basin, a more serious situation results, which is discussed 
below under the is sue dealing with the impact of P L 92- 500 on 
junior water rights. 
Pollution control and abatement as a 11 reasonable use. fI The 
11 reasonable usel! strain of western water law traditionally has 
provided that only customary methods of applying water to the 
land need be employed, i. e., methods 11 reasonably fitll for the 
purpose served. In many Western states, the term "beneficial 
use'! covers the reasonableness of the method of use, not simply 
the ~ of use, and thus a separate doctrine of 11 reasonable usel ! 
does not exist in those jurisdictions. For purposes of this discus-
sion, 11 reasonable use'! shall mean the doctrine requiring methods 
of water use to be reasonable, whatever its label in a particular 
state .. 
It was recognized in the last century that a certain amount of 
quantitative waste is inevitable in the use of water. One old case 
stated, for example, that appropriators who employ 11 usual and 
ordinary' ditches and flumes 11 cannot be compelled to substitute 
iron pipes, though they may be compelled to keep their flumes and 
ditches in good repair so as to prevent unnece s sary waste" {Bar'!" 
rows v. Fox, 98 Cal. 63, 67 (1893)). In another court opinion, 
which refused to require a water right holder to cement line his 
ditches, it was said: 
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An appropriator is not compelled either to irrigate in the 
most scientific manner known or to divert in the most 
scientific n'1anner known. (Tulare District v. Lindsay--
Strathmore District, 3C. 2d 489, 573 (1935)) 
A leading federal court decision made it equally clear that a 
water use can be considered a tI beneficial usen under the law even 
though advanced technology is not employed in the use. 
The economical use of water is far different from its bene-
ficial use. Economical use requires labor, equipment, 
more efficient ditches, etc. It is often unprofitable because 
the expense involved is greater than the money returns the 
crop will justify. .A property right once acquired by the 
beneficial use of water is not burdened by the obligation of 
adopting methods of irrigation mar e expensive that those 
currently considered reasonably efficient in the locality. 
(Fox v. Icke~, 177 F. 2d 30, 35 (De C. Dir., 1943), cert. 
den. 320U.S. 792) 
The foregoing case law relates primarily to permissible guantitative 
waste. If an upstream appropriator is not obliged to adopt avail-
able technology to conserve water in order to increase the supply 
downstream, it could be argued that he is not legally required to 
employ costly methods of improving the quality of his return flows. 
The contention, in essence, would be that one element of the over-
all water right is the incidental right to degrade water quality down-
stream to a "reasonablel1 and customary degree. Such an approach 
to "reasonable usell could accommodate comfortably the progres sive 
deterioration of water quality which accompanies most water uses. 
There are signs that the public intere st in the conservation 
of water and protection of water quality is gaining ground at the 
expense of vested water rights. As the California Supreme Court 
has said of the law in that state: 11 There is now no provision of 
law which authorizes an unreasonable use or endows such use with 
the quality of a legally protectable interest merely because it maybe 
fortuitously beneficial to the lands involved" rt (Joslin v. Marin, 
Municipal Water District, 67 c. 2d 132, 144 (1967)) The same 
reasoning has been applied elsewhere to refute the contention that 
there is an incidental right to degrade water quality. For example, 
a federal court ruled that a South Carolina textile mill 11 had no 
vested right to contaminate the watercoursesll and that the imposition 
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of upgraded stream standards requiring the mill to construct a 
waste disposal plant did not amount to a compensable taking of 
property", (United States v. 53L 13 Acres of Land, 366 F. 2d 
915, 920 (4th cir., 1966) cert. den. 385 U .. S. 1025) 
There remains, however, even under a modernized 11 reason-
able use" standard which incorporates the right of the public to 
clean water, the issue of what method of water use practice and 
level of applied technology is necessary, in any given situation, 
be£or e the use can be considered 11 reasonable. tT To date, the 
courts have not required application of the best available technology. 
In contr ast, ther e stand s the national Ie gi slati ve polic y, embodied 
in the Federal Water Pollution Control Amendments of 1972 
(PL 92- 500P), which places graduated restrictions on the discharge 
of pollutants into sur face water s. With some exceptions, effluent 
limitations as to point- source discharges of pollution are to require 
the application, by mid-1977, of the II best practicable control 
technology currently availablen and to require the application, by 
mid-1983, of the IIbest available technology economically achievabletl 
(Section 301(b)). The twin national goals of prohibiting pollution 
discharges into navigable waters by 1985 and attaining, where 
po s sible" water quality conducive to fish, shellfish, wildlife, and 
recreation by mid-1983 are also contained in the statutory scheme. 
It can be argued that the above-described doctrines of 
It reasonable use
" 
and llbest available technology" will not be as 
antithetical in practice as they appear to be in theory. As to the 
subsisting 11 reasonable use" doctrine, for example, it arguably 
has enough elasticity to accomodate changes in custom prompted 
by market incentives, regulatory constraints and technological 
advance s. Simply put, courts could progres si vely raise the minimum 
standards involved in the term f1 reasonable use.
" 
As the use of 
technological advances becomes customary, that use circumstantially 
can come to typify 11 reasonable'1 practice. Similarly, state legis-
latures can redefine the statutory use of terms like ltbeneficial 
use" and 11 reasonable usen to require improved water use practices 
or to disallow the prevailing degree of degradition. The new lIbest 
technology ' standards of PL 92- 500 likewise could turn out to be 
quite malleable in practice. It is noteworthy that the 1977 best-
control-technology standard is flanked by flexible qualifiers--
fI practicable i> II 11 currently available, 11 and 1'1 as defined by the 
Administrator" H Armies of exceptions have .r.na, rched through 
330 
smaller loopholes. The 1983 standard is qualified by II economically 
achievabletl and 11 reasonable further progress, II phrases which are 
grist for the imaginative lawyer whose client finds that the effluent 
limitations are not 11 economically achievable. II 
In sum, the conflict between 11 reasonable use" and "best 
available technology' could be mitigated greatly in the adminis-
trative, judicial and legislative forums where law is made. The 
re sult could be a set of rule s which attempt to balance considera-
tions of economic cost and technological change. The interplay 
between the historic common law standard and the emergent 
statutory standard will involve a range of social, political and 
economic tradeoffs over time. The finer texture of those trade-
offs cannot be perceived this early in the history of the PL 92-500 
program, but the general changes and trends described above 
are discernible at this time. 
Le83.1 .incenti ve s and disincentive s for efficient irrigation 
practices. The technical portions of this study indicate that 11 the 
goal of the scheduling and farm management program would be to 
reduce salt loading from irrigation return flows. 11 One way 
this would be accomplished would be by increased irrigation 
efficiency. 
A.ssuming that increases in irrigation efficiency involve 
expense, is there any incentive for the irrigator to make the 
necessary investment under existing legal structures in the seve.n 
Colorado River Basin states? Hutchins, in his summary publi-
cation, Law of Water Rights in the West, states as a general 
rule that: "The right to use the portion of stream flow salvaged 
by means of artifici.al improvements belongs to the one making 
the improvements.11 4 It would appear that two states of the 
basin, California (Wiggins v. Mus cupiabe Land & Water Co. , 
113 Calif. 182, 45 Pac. 160 (1896)) and Utah (Eardley v. Terry, 
94 Utah 367, 77 Pac. 2d 362 (1938)), follow the general rule and 
give the irrigator the right to water saved (although California 
4 Misc • Pub. 418, U. S. Dept. of A.griculture, at 372. Hutchinl s 
reviewed the case law on this point at 372-373 as follows: 
The general rule is based upon the principal that one 
should be entitled to the fruits of his labor s, where the 
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restricts the rule), two, Colorado and Arizona, do not, and the 
other three have not addressed the problem. In Colorado, although 
a subsequent appropriator is not entitled to the maintenance of 
wasteful practices to supply his right (Lamont v. Riverside Irri-
gation Dist. (Colo.) 498 p. 28 1150 (1972)), recent decisions 
result is to make available a supply that otherwise would 
go to waste, and in event no other party is being deprived 
of water which he is entitled to receive. 
Thus a company which by the construction and use of 
a pipe line made it pos sible for a group of farmer s to divert 
their water 7 mile s up str eam, was given the prior right 
to the quantity of water previously lost in the 7 -mile stream 
channeL One who built a pipe line to convey stream water 
over a stretch of the channel in which losses by seepage and 
evaporation had been heavy was given the right to use the 
quantity saved. The same principal has been applied as 
between riparian proprietor s. In Big Cottonwood Tanne!. 
Ditch Co. v. Shurtliff a water company, by virtue of con-
structing a pipe line and thus saving a large quantity of 
water formerly lost in an open ditch, was given the right to 
the water thus saved, as against the claim of a consumer 
that he was entitled to the quantity diverted at the headgate 
including that wasted in the ditch leading to his land. In an 
Idaho case one salvaging and appropriating the water s of a 
tributary stream, which otherwise would have been lost by 
evaporation and would not have reached the main stream by 
subflow, was held entitled to the use of such water s as 
against a prior appropriator on the main stream. There are 
various other case s to the same effect. 
The two features in the se cases that bear upon the pres-
sent discussion are: (1) The rights of other water users were 
properly safeguarded against injury resulting from the change; 
(2) after making provision for supplying these other users with 
the quantitie s of water to which they prec:iously had valid 
claims, the ones making the improvements were awarded the 
first right to the water theretofore lost and now saved. 
Another case in which appropriators who, upon replac-
ing their leaky dam and ditche s, claimed the right to the water 
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indicate that one who saves water is not entitled to it (Shelton 
,Farms and New Mexico-Colorado Land Co. v. Southeast Colorado 
Water Conservancy District, 529 p. 2d 1321 (1975)). Arizona has 
a similar rule which denies the water to the one saving it. 5 New 
Mexico, Nevada, and Wyoming do not have reported cases on the 
subject. 6 Thus, in the majority of the Colorado River Basin 
states, the right to use water which could be retained or rerouted 
in the hydrologic system by increased irrigation efficiency is in 
doubt. 
On the other hand, if salinity is reduced by methods which 
consume more water than the consumption by historic irrigation 
practices, a serious question exists as to the right to consume 
thereby saved, was decided by the California District Court 
of Appeal (rehearing denied by the Supreme Court). The 
reconstruction was done after other s for a period of 25 
years had made use of the waters which had wasted back 
into the stream. It was held that the original appropriator s 
had lost their right to the use of such water s. This was 
based upon the theory that the return waters, though once 
appropriated by the original diverter, had become upon 
return to the stream publici juris, and that the lower appro-
priators had used them long enough to establish a pre-
seciptive title. 
In a ••• Utah case which arose on appeal from the 
order of the state engineer denying an application to appro-
priate water, the district court rever sed the order and 
granted the plaintiff any water obatined by conserving and 
increasing the flow of the stream.. The Supreme Court held 
that the district court should not have decreed to the appli-
cant the use of the alleged increase in flow without requiring 
him to comply with the law of appropriation. 
5_Salt River Agricultural etc. Project v. Kovacovich, 3 Ariz. 
App. 28 (1966). The Colorado Supreme Court, ia its initial opin-
ion in Shelton Farms, supra, note 16, quoted with approval from 
Kovacovich, but, on rehearing, this reference to Kovacovich was 
deleted. 
6Informal conver sations with the as sistant attorney general of 
New Mexico charged with advising the State Engineer indicates the 
matter is under study in that state. 
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that increased amount. If the implementation of PL 92- 500 
re sults in the elimination or reduction of return flows the impact 
on the water rights of junior water user s, whether upstream or 
downstream, will be severe in situations where water is already 
in short supply. Any control over salinity which results in a 
decrease of return flow adver sely affects existing and future 
water rights in the basin. 
The right to use water is a usufructuary right, and does not 
permit waste. If water is evaporated in order to reduce salinity, 
an increased consumptive use results which may be enjoined by 
a junior appropriator who is thereby deprived of water. If the 
senior must protect the junior, the only alternative available to 
the senior is to acquire sufficient water of a senior status to make 
up the additional evaporation los s, or reduce his initial use to 
the extent that the total of his initial use plus his evaporation los s 
will equal his historic consumptive use. 
This will cause serious dislocations of existing water uses, 
or, in the alternative, reduce substantially the initHU beneficial, 
non-evaporative uses. Thus, the degree of ponding, and the resul-
tant evaporative losses, or recycling, required to improve water 
quality, will have a significant economic impact. This is particular-
ly true if these measures are required for irrigation return flows, 
as irrigator s are probably not financially able to acquire the senior 
water rights necessary to replace increased consumptive use. The 
irrigator who consumes additional water in order to meet salinity 
discharge requirements may be able to defend his actions on the 
basis of the necessity to comply with the requirelnents of EPA. 
The resolution of this problem depends, in a large degree, upon 
a decision of the question as to whether 92-500 is a valid exercise 
of the police power" or constitute s a taking of the junior appro-
priator's water without just compensation, and therefore unconstitu-
tionaL The resolution of this difficult problem lies in constitutional 
law, beyond the scope of this report. 
Third Issue Area: Will PL 92-500 water quality controls 
foster change s in laws relating to the transfer of water 
rights? 
On an intra- state basis. As suming that the implementation 
of PL 92- 500 will result in the added consumption of water, thereby 
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impacting areas of already insufficient supply, Moses' Third 
Law (tl water seeks its own economic level, 1I or as some layman 
has more crudely put it, Itwater runs uphill to monet') begins to 
operate. 
Those financially able to acquire replacement water from 
less economic-oriented uses will do so. This will encourage 
greater flexibility in laws relative to the transfer of water rights. 
Cities and industry will accelerate their practice of acquiring 
agricultural rights, and will convert the historic consumptive use 
of those rights to domestic, municipal, and industrial use. This 
may result in attempts to restrict such transfers in order to 
preserve existing agriculture through the legislative process. 
Senior rights may dry up the stream under the appropriation 
doctrine which is utilized in the Colorado River Basin states, so 
the only certain way to protect fish flows and esthetic purposes 
on an over-appropriated stream lies in the acquisition by the public 
of a senior right. The use of water for fish flows and esthetic 
purposes, having little ability to compete in a free economic mar-
ket (absent substantial public funds being available for the purchase 
of water rights) will have difficulty in competing for replacement 
water. 
On a state-to-state basis. Allocation of the waters of the 
Colorado River has been accomplished in two ways: in the Upper 
Basin by the Upper Basin Compact of 1948 between Colorado, 
New Mexico, Utah, and Wyoming, and in the Lower Basin by the 
decision of the United States in A.rizona v. California, decided in 
1963. Neither of these allocations was easily accomplished. The 
Upper Basin Compact resulted from years of intensive negotia-
tions, and Arizona v. California was a mas si ve piece of litigation, 
lasting years and costing the states of Arizona and California 
millions of dollar s. Modification of either the Compact or the 
Supreme Court decision would require agreement of all of the 
parties. No state is likely to deliver more water than prescribed 
by the Compact or the Supreme Court decision unles s compensated 
for such over-delivery. It is difficult, perhaps impossible, to 
visualize a set of circumstances under which any Colorado River 
Basin State would permit the transfer of any substantial portion 
of its allotment for use in another state. 
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On a basin-to-basin basis. What has been said concerning 
state-to- state transfers applies equally to basin-to-basin transfers. 
Some people in the Upper Basin have contended that if the Upper 
Basin state s are required to consume additional water in order 
to deliver better quality water to the Lower Basin, the water 
thus consumed should be charged against the ~ower Basin
' 
s 
allotment. 
Physically, the waters of the Upper Basin are of higher 
quality than those of the Lower Basin. The native headwaters 
are of extremely high quality, and the virgin flows, even with 
natural point source pollution such as found in the Paradox Valley 
on the San Miguel, La Verkin Springs in Utah and Blue Springs 
in Northern Arizona, would be readily acceptable to the Lower 
Basin. In addition to natural loading and concentrating of salts, 
man
' 
s use for industrial;municipal,and irrigation use also causes 
salt-loading, and man
' 
s out- of-basin diver sions that cause salt 
concentration by depleting the flow in the Upper Basin. Examples 
oi these out-oi-basin diversions are the Colorado-Big Thompson 
and the Frying-Pan Arkansas projects, the municipal diversions 
by the City of Denver, all in Colorado, the San Juan- Chama project 
in New Mexico and the Central Utah Project in Utah. 
PL 92-500 AND WATER RESOURCE PROGRAMS 
AND PROSPECTS 
Impact Is sues Related to Water Re source Programs 
and Prospects: Additional Analysis 
Fir st Is sue Area: What will be the impacts of 208 planning? 
The 208 area-wide planning procedure. The purpose of 
Section 208 is to encourage and facilitate" the development and 
implementation of area-wide waste treatment management plans. II 
The Governor of each State has the re sponsibility within his state 
to identify each area which as the re sult of urban- industrial con-
centrations or other factors, has substantial water quality problems. 
The Governor is to de signate the boundarie s of each area and a 
single representative organization capable of developing an effec-
tive area-wide plan. The State is assigned the planning for all 
portions not designated. There are also provisions for cases 
when Governor s do not act. De signations are subject to the approval 
of the A.dministrator of the Environmental Protection Agency. 
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Within one year after an area is designated, it is to have in 
operation a continuing area-wide waste treatment planning process 
(consistent with Section 201). Once the planning process is in 
operation, the area has two year s to prepare an initial plan. 
This plan must be certified by the Governor and submitted to 
EPA. Plans must contain alternatives for waste treatment manage-
ment and be applicable to all waste s generated within the area 
involved. 
Subsection (b) contains a comprehensive list of required 
inclusions in a 208 plan. Important items include (I) identification 
of treatment works neces sary over a twenty- year period and the 
establishment of construction priorities; (2) establishment of a 
regulatory program; and (3) identification of non-point, mine-
related, construction related, and residual waste sources of 
pollution and the setting for the procedures and methods (including 
land-use requirements) to control such sources. Plans must be 
certified by the State and submitted annually to EPA. 
Once the plan is initially submitted to EPA, the Governor 
and the planning agency will designate one or more waste-treat-
ment-management agencies. It will be the latter agency's respon-
sibility to ensure that the plan is properly implemented. The 
management agency must have adequate authority to carry out 
the responsibilities listed in subsection (c). All grants (under 
Section 201) and permits (under 402) will only be issued when 
they are in conformity with the 208 area-wide plan. 
The final designation regulations (40 CFR 126) became effec-
tive on September 14, 1973. They specify procedural and other 
elements and criteria for the use of State Governors and elected 
officials in the designation of Section 208 planning areas. There 
was initially some resistance to the designation regulations from 
the States. Much of this resistance was probably cause by EPA 
timing. The Governors of the states were asked to designate 208 
planning areas and agencies before they were really aware of what 
the program was about. EPA. did not issue regulations on 208 
grants and the 208 planning process until May, 1974. Thus, the 
Governors, having no substantive knowledge of the program, were 
asked to deSignate planning agencies. 
The designation regulations gave the Governor s three 
choices: (1) to specifically designate areas that met EPA. 
criteria; (2) to specifically nondesignate 208 planning areas; or 
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(3) to remain silent, allowing the local officials at their own lnl-
tiative to join together to form a regional 208 planning agency. 
The Natural Resources Defense Council (NRDC) and the Environ-
mental Defense Fund have filed suit against Rus sell Train and 
EPA.. Among other things, they contend that the" nondesignatetl 
choice was not authorized by the Act. The suit concludes that 
EPA acted improperly in issuing 208 designation guidelines. The 
courts have not yet decided the matter. 
Initially the EPA's designation regulations were somewhat 
re stricted. They favored urban/industrial areas with existing 
water pollution problems. This obviously limited the scope of 
208 planning in the Upper Colorado River Basin since the region 
has no large urban centers. For this reason, EPA. Region VIII, 
which was concerned about possible impacts of energy development 
on existing water quality, urged the designation of rural and clean 
water areas threatened by pollution. Eventually, with the urging 
of Senator Muskie on behalf of Maine, the EPA revisedits designation 
policy so that rural areas with substantial water quality problems 
could be included. The term 11 substantial water quality problem" 
was later expanded so that it covered clean water areas. 
An important feature of the designation regulations is that 
they require local officials to become actively committed to the 
planning process. They are required to make formal resolutions 
promising to join together with all other affected local jurisdictions 
to develop and inlplement the plan. This policy, while not specifi-
cally required by law, was felt by EPA to be essential part of a 
208 area-wide plans if it is to be succes sfully implemented. 
A handbook entitled " Area and Agency Designation for Sec-
tion 208 Areawide Waste Treatment Management Planning!! (dated 
December 1974) has been distributed by EPA to provide additional 
details on the criteria for de signating both the ar eas and agencie s 
responsible for planning. The handbook provides examples to 
further as sist the appropriate state and local officials in preparing 
information for submission to the EPA. A.ccording to its Intro-
duction: r1 Through its examples, this handbook encourages brief 
and succinct inputs for the designation process ••• rt (U. S. EPA, 
1974). In general, all requirements for an application, plus exam-
ples of all required information, are spelled out in the designation 
handbook. 
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During May 1974, EPA issued the" Interim Grant Regula-
tions'" which govern the funds which go to 208 area-wide planning 
agencies. These regulations provide the mechanism for the dis-
tribution of funds to de signated local planning agencie s (for a period 
of up to 24 months) to develop an initial plan. Among other things 
the applicant must submit a proposed work plan and state that the 
proposed activity is consistent with the environmental plans in the 
ar ea and that the planning pr oce s s will be come financially s elf-
sustaining. 
The grant applications are submitted through the appropriate 
state agency, which must review the applic ation and certify (or 
refuse to certify) it before sending it on to EPA.. While EPA 
could legally approve an application that the State refused to 
certify, this situation seems unlikely. For the proper function-
ing of 208 area-wide planning, it would seem to be essential that 
EPA not cir cum vent state officials. 
To facilitate the submission of grant requests and work 
plan, EPA published It Work Plan Handbook for Section 208 A.rea-
Wide Waste Treatment Management Planning. rt The Introduction 
to the handbook states: 
The work plan should describe the activities, schedules, 
resources, and procedures that a local planning agency 
bring to bear in preparing the Section 208 area-wide plan. 
Since it precedes a lengthy planning proces s, with many 
unanticipated problems, the work plan may undergo revis-
ions during the actual planning period. However, the work 
plan should be initially well thought out and complete enough 
to carryon the planning process. The work plan should 
not represent a simple exercise to start the planning process, 
only to be scrapped as soon as the planning gets underway. 
Another common pitfall occurs when one group prepares the 
work plan and another takes over the actual Section 208 
planningo (U.S. EPA, 1975, p. 1) 
The work plan submis sian is the next step after area and agency 
designation. Again EPA. appears to be interested in succinct and 
to-the-point documents that deal with the planning process rather 
than the actual contents of the Section 208 area-wide plan. A.s 
with the de signation handbook examples of inputs are given. 
According to the note on page 3: 
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The examples in this handbook do not constitute a uniform 
EPA standard of acceptability. The wor k plan submis sions 
of local planning agencie s should re£lect local conditions 
and levels of detail that have been coordinated with the 
EPA regional office. (U. S. EPA, 1975, p. 3) 
A.lso in May 1974, the EPA published its 11 Draft Guidelines." 
The se published guideline s emphasize the management orientation 
required of 208 agencies, and the need for integrated approaches 
with 11 particular emphasis •.. upon nonstructural approaches to 
pollution control as a means of reducing the normally large invest-
ments associated with traditional structural measures" (U. S. EPA, 
1974). The management plan is to include such specific information 
as: 
1. the location of and treatment levels for facilitie s 
2. initial construction prioritie s 
3 0 feasible measure s leading to the control of serious 
non-point source discharge problems. 
The Act does not set explicit criteria for determining if area-
wide management plans are acceptable, but the 11 Draft Guidelines" 
spell out some general areas. Management plans are to be evalu-
ated on their tl implementation feasibility and reliabilityl and their 
" public acceptability. 11 
The Natural Resources Defense Council has criticized the 
11 Draft Guidelines" for not specifying plan requirements in detail, 
not being geographically comprehensive, and omitting certain 
requirements NRDC sees in the law (Douley, et al., 1974). Spec-
ifically, NRDC said the guidelines: 7 
I. take a remedial rather than preventative approach to 
water pollution, 
2. encourage area-wide planning when they should require 
it, 
3. focus on cities when they should be geographically com-
prehensive, 
7 The listed items are taken directly from IIInstitutional A.s ses s-
ment of the Implementation of the Planning Requirements .11 
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4. do not provide detailed criteria for judging a plan's 
adequacy--tt implementation feasibility and reliability" 
and rt public acceptability" are not specific enough, 
they charged; 
5. fail to require a Tl use permit systemtl in order to imple-
ment the plan for non-point sources. Such a permit 
should be required for certain land-disturbing activities, 
such as timber cuts, mining, and construction site 
clearing, 
6. fail to require a plan to include new enforcement and 
legal authority to implement the plan. The guideline s 
propose implementation within the existing legal and 
institutional framework, which NRDC feels 11 will proba-
bly do little to further water quality goals. n The guidelines 
should require a new regulatory program, NRDC believe s; and 
7. illegally restrict the 208 plans by requiring that the 
Governor find a 208 plan consistent with all State and 
local legislation, regulations or other requirements 
or plans regarding land use and protection of the environ-
ment. NRDC thinks 11 simply grafting 208 elements onto 
a weakly implemented existing land use plan will not 
be enough to achieve the 1983 water quality goals. Land 
use plans are most often very general plans for an 
area without implementable or enforceable provisions, 
8. are grossly inadequate when referring to a nondegrada-
tion policy in a 208 plan. The Guidelines' passing refer-
ence to any provisions for anti-degration adopted in the 
basin plan and t1 reference to the 303(e) guidelines11 is 
not detailed nor mandatory enough, 
9. fail to adequately require a water conservation program. 
Problem areas in 208 area-wide planning. The role of the 
State in its nonde signated areas appear s to be a sour ce of confusion 
in the CRB. Much of Colorado and Arizona are nonde signated and 
important countie s in Utah and Arizona are nonde signated. The 
n Draft Guidelines" do not define the responsibilities of the States 
in nondesignated areas. Thus, the question: Must the State Act 
as a 208 agency, performing all the requirements of Section 208 
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or vvill 303(e) planning suffice? becomes important. As yet EPA 
has not come to grips with this question. The agency's initial 
position was that 303(e) plans would suffice for nondesignated 
areas, if non-point source considerations were given considera-
tion .. 
This EPA position has been challenged by Senator Muskie. 
He has called for new EPA regulations governing State 208 plan-
ning in nondesignated areas. He also declared that 303(e) basin 
plans would not serve for 208 non-point source planning because 
it is less comprehensive than the area-wide planning and does not 
reqJ. ire implementation. 8 The contention that full 208 activity 
must be carried out everywhere in every State is also the subject 
of the pending litigation already mentioned. The NRDC suit, 
filed October 9, 1974, alleges that Section 208 makes all the 
planning and management provisions of the section mandatory in 
all parts of every state. 
Since much of the CRB is nonde signated, another important 
is sue is fundinge Early in the implementation of Section 208, the 
EPA interpreted the funding provisions to exclude grants to states 
to do 208 planning in nondesignated areas. This policy probably 
has encouraged the designation of 208 areas and agencies within 
the CRB state s.. However, the entire state of New Mexico remains 
nondesignated despite EPA's funding policy. Nondesignation 
is probably an important cause of the State's current concern over 
funding. 
Another important issue in 208 planning is timing. The pre-
viously mentioned NRDC suit also raises this issue. Table 11-79 
shows the deadlines in the Act and the dates by which the EPA has 
accomplished assigned tasks or estimates they will complete tasks. 9 
The figure s in the table show that the EPA cannot and has not met 
any of the deadlines. It is currently pos sible that had EPA began 
immediately upon the Act's pas sage to actively implement Section 
8 
Letter from Senator Edmond S. Muskie, Chairman, Sub- Com-
mittee on Environmental Pollution, U. S. Senate, to Rus sell E. 
Train, Administrator, EPA, July 11, 1974, p. 2. 
9The table is taken directly irom tl1nstitutional A.ssessment 
of the Implementation of the Planning Requirements. It 
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Table 1l ... 79. Comparison of 208 deadlines. 
Task 
208 designation guide-
line s is sued 
Governor Sf identifica-
tion of 208 areas 
Governor s de signate 
local planning area and 
its or ganization 
208 planning process 
in operation 
208 plans submitted 
to Administrator 
Date Specified 
by Section 208 
Tan. la, 1973 
Mid Mar., 1973 
Mid July, 1973 
Mid July, 1974 
Mid July, 1976 
EPA accepts or rejects Mid Nov., 1976 
Governor Sl de signations 
of waste treatment man-
agement agency, 
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Datp. A.ccomplished 
or projected to be 
completed by EPA. 
Sept. 14, 1973 
(effective date) 
March, 1974, initial 
designations and tI non-
de signationsfr 
140 de signations 
submitted to EPA. 
and approved by 
July, 1975 
EPA expects by July 
1979 that all plans 
will be locally and 
State certified and 
submitted to Admin-
istrator 
Not yet determined 
208 that some o£ the 1973 and 1974 completion dates would have 
been achieved. 
A GA.O report dated J anuar y 22, 1975, stated that EPA 
delays slowed for about a year preparation and approval of manage-
ment plans for areas with substantial problems (see" Implementa-
tion of Federal Water Pollution Control Act," General A.ccounting 
Office, Washington, D. C.). This delay is unfortunate for areas 
like the Uintah Basin (Utah) which are being pushed rapidly into 
energy resource development. Several reasons were given by 
EPA officials for delaying the implementation of Section 208. 
Only one will be discussed here. The statutory time-lags (one 
year for de signation, two ye ar s for pr epar ation of plans) made the 
208 planning of little use for Phase I activities. If 208 was to have 
a role, EPA felt it should be a Phase II activity (1977-1983) 
where solutions would be more subtle and the alternatives for 
abatement more varied. 
Designated .. agencies. Of the ten designated agencies in the 
CRB the majority are councils of governments (COGS) or associa-
tion of governments (AOGS) (see Table 11-80). EPA prefers the 
regional government form of institutional arrangement because 
it is likely to address a wider range of problems than just water 
quality. Among the other problems it can addres s are land use, 
transportation, housing, recreation, and economic growth. In 
this way water quality goals can be integrated with social, economic, 
and other environmental goals. However, while COGS and AOGS 
already have planning and coordination responsibilitie s, they have 
little authority. The regional government s act primarily as 
advisors to their local governments and the localities have the 
option of whether they wish to take the advice or not. 
In most cases the COGS and AOGS will be the implementing 
as well as the planning agenc y, and it will ther efore be ne ce s sar y 
to enlarge their staffs 0 To encourage 208 agencies to build the 
necessary expertise and staff, the EPA is requiring between 25 
and 50 percent of the planning co be in-house. For an institution 
like the Maricopa A.s sociation of Gevernment (Arizona) which has 
no full time staff, such a requirement appears to be good policy. 
Land use & 208 planning. The !'I Draft Guidelines" attempt 
to define the relationship between 208 planning and land use. They 
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Table 11-80. List of 208 planning agencies in the Colorado River 
Basin. 
State Water Quality 
Planning Agencies 
Colorado (Colorado Department 
of Public Health, Chief of 
Planning) 
Wyoming (Wat e r Quality 
Division) 
Utah (Bureau of Environmental 
Health) 
Nevada (Division of Environ-
mental Protection) 
Arizona (Water Quality 
Control) 
New Mexico (Chief Water 
Quality Planning, State 
Environmental Improvement 
Agency, Santa Fe, New Mex. 
California (State Water Re-
sources Control Board) 
~:< probable designated agencies. 
208 Planning Agencies 
Colorado West COG 
Rifle, Colorado 
Northwest Colorado COG 
Frisco, Colorado 
Southwestern Wyoming Water 
Quality Planning Association 
Kemmer, Wyoming 
Southeastern Utah AOG 
Price, Utah 
Uintah Basin AOG 
Roosevelt, Utah 
Five County AOG 
Cedar City, Utah 
~:<Clark County Board of 
Commissioners 
Las Vegas, Nevada 
Pima AOG 
Tucson, Arizona 
Maricopa, AOG 
Phoenix, Arizona 
Whole State is non-designated 
~:<San Diego Region Compre-
hensive Planning Organization 
(CPO) San Diego, California 
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relate in two major areas: (1) the land use plan can serve as a 
basis from which point and non-point source controls can be developed 
and evaluated; and (2) consideration of possible changes can be 
explored as a means of reducing investment in point and non-
point source controL The guidelines indicate that 208 planning 
must examine the existing land use regulatory system and land 
management practices and make recommendations concerning their 
value in 208 planning. 
Basically EPA expects 208 planning will place a great deal of 
emphasis on land use and growth in designated areas. However, 
ther is evidence that EPA hopes 208 activity will not prove to 
be the primary moving force for land use consideration in the 
areas. Nonetheless, if EPA decides to fully enforce the 208 land-
use provisions, they may be the strongest element of a regional 
comprehensive land use plan. In States like Utah and Arizona 
which have a well-organized citizenry which opposes land use plan-
ning, this is a real possibility. However, at this time it is im-
possible to speculate on how much land use planning EPA. will 
require. 
Utah is an important state with regard to energy resource 
development. The northeastern portion of the state is under going 
an oil boom 'and oil shale mining is currently in the developmental 
stages. Coal-fired electric generating plants are either operating 
or planned for various outposts throughout the rest of Utah's por-
tion of the CRB. Utah's coal industry is also being revi talized. 
Utah currently has three designated 208 areas" All three agencies 
involved are associations of governments The areas were desig-
ated because of possible water quality problems resulting from 
future ener gy development. San Juan County, which is located 
in the southwe stern corner, withdrew from the Southeastern AOG. 
It is, therefore, a nondesignated area. A.lso, Wayne County, 
which is located in an AOG other than the three listed in Table 11-79, 
has been designated as a 208 area and the Six County AOG has 
been designated the 208 agency. The other five counties in the 
Six County A.OG have opted for nondesignation. EPA has yet to 
act on the Wayne County de signation. Land use planning is not 
a popular issue in Utah. A recent State law providing procedures 
for planning land use, when put to a statewide vote, was defeated. 
In 1973 the State of California developed regulations for the 
designation of 208 areas and agenciese At that time 3 potential 
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areas were identified but only one was designated and funded. 
Early in 1975 the State is sued a policy statement on the develop-
ment and implementation of 20B plans, and identified four additional 
20B areas. Within the Colorado River Basin, the San Diego Region 
Comprehensive Planning Organization (CPO) is the agency most 
likely to be designated the 20B regional agency. CPO, created in 
1966 through the reor ganization of an earlier organization re sponsi-
ble for highway planning, represents San Diego City and County 
and 14 other governmental units. 
After initial nondesignation of the entire State of Colorado, 
urban areas were designated to fill gaps in State planning. Two 
designations have been made for the CRB, both in rural areas. 
However, the reasons for designations were different. For Colorado 
West COG the reason was for protection of the water quality during 
possible future energy development. The Northwest Colorado COG 
was de signated under EPA initiation; the State planner s would prefer 
to do the 20B planning for non-urban areas. As it is now, the area 
in s outhwe stern Color ado is nonde signated. In rur al nonde signated 
areas where non-point sources are the main pollution problem the 
State will be doing the 20B-type planning. As of now, it will be 
done as part of the 303(e} process. In the designated areas it 
is anticipated that the land use provisions of 20B planning will 
probably be done at the county level. 
The State of Arizona currently has two agencie s making 
application for designation of 20B planning. Both agencies are 
as sociations of government and both are in urban areas. The 
Maricopa Association of Government will be doing the planning 
for the Phoenix area. At this time it has no full time staff and has 
organizational problems. It is currently involved in a U. S. Army 
Corps of Engineers Urban Study and plans to use EPA grants to 
adapt the study to meet 208 needs. In the Tucson area the Pima 
Association of Government will be doing the 208 planning. The 
Pima AOG will be doing straight 208 planning. The plans will be 
approximately 50 percent in-house. This will allow the AOG to 
build the necessary staff and expertise so they can also be the 
implementing agency. 
Second is sue Area: What will be the Impact, if any of 
PL 92- 500 on Water Augmentation Proposals? 
The requirements of PL 92- 500 constitute an additional bur-
den on the water supplies of the Colorado River and therefore increase 
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the potential strength of a movement in the basin for augmentation 
of the River's natural flow. The Upper Basin States are concerned 
that the requirements for improvement in water quality will impede 
their efforts to develop further their water supplie s because future 
developments are likely to exacerbate the salinity problem. Water 
withdrawn for industrial purposes may not be returned to the 
stream, thus concentrating the salts already there. 
In 1968, as part of the complex political maneuvering involved 
in passage of the Colorado Basin Project A.ct, Congress imposed 
on the Secretary of the Interior a moratorium on the study of inter-
basin transfer s for a period of ten year s. This prohibition was 
de signed to quiet the fear s of the people of the Northwe st and the 
Columbia River Basin who looked with apprehension on widely-
discussed plans for augmentation of the Colorado River by impor-
tation of II theirll water. Only the National Water Commis sion, 
created at the same time, was given specific authorization to 
investigate the feasibility and/or desirability of such transfers. 
Since the imposition of the moratorium, there has been 
little public discus sion of interbasin transfer s. Myron Holburt, 
Chief Engineer for the Colorado River Board of California, did 
comment on the subj ect in November 1974 in an addre s s to the 
Pacific Northwest Waterways A.s sociation. He contended that: 
Based upon current knowledge of water supplie s and projec-
tions of future water use, water supplies available within 
the Colorado River Basin should be able to meet projected 
denlands for the balance of this century. The quantitie s of 
water needed to support huge ener gy developments in the 
Colorado River Basin are nowhere near the magnitude 
necessary to support a diversion project from the Columbia 
River Basin to the Colorado River Basin. Energy develop-
ments in the Colorado River Basin should not be used as 
a reason to reopen the controversy over diversion of Colum-
bia River water or the Colorado River Basin. 
Holburtt s analysis tended to focus on energy requirements and 
was limited to the twentieth century, leaving open questions of 
importation for agriculture of for needs of the twenty-first century. 
If serious study were to begin in 1980, it is doubtful that a drop 
of water would reach the Southwest before 2000 and it is probable 
that it would be closer to 2010. 
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In contrast, at the December 1974 meeting of the Upper 
Colorado River Commis sion, the Executive Director stated to 
the Commission: 
Several developments within the past three years should 
make the seven Colorado River Basin States, and particularly 
the four Upper Division States, aware that a reliable augmen-
tation of the water supply of the river is more important now, 
and will be mandatory in the coming years, if our States are 
going to have a stable, expanding economic future, provide 
homes for people, food for the world, and usable forms of 
ener gy to the nation, and continue to pas se s s an adequate 
standard of living. 
In view of the salinity problem and the demands upon the river 
system for energy development, he then asked: II Would not now 
••• be an excellent time for the basin States to start getting 
organized to fight for a reliable augmentation of their water supply 
by importation?l1 (Report of IvaI Goslin, Executive Dir ector, 
Upper Colorado River Commission, Dec. 9, 1974, mimeo., 
pp. 8- 9) 
At least one physical as sumption appear s to be agreed upon 
by most parties: that if importation were to take place, it would 
invol ve taking water at or near the mouth of the Columbia River. 
Importation schemes from the Snake- -the point of closest proximity 
to the Colorado River system- -would impose heavy penalties on 
present users, both in- stream and in agriculture and municipal 
and industrial use. The only practicable place of exportation 
would appear to be at a point where the water had already been 
put to use many times over in the Columbia River Basin and was 
at the point of discharge into the ocean. The actual quality of 
the water at that point and its suitability for exportation must, of 
cour se, be evaluated. 
A second assumption is derivative of the first: that water 
imported into the Colorado River System would reach the system 
at a point where it would be usable only in the Lower Basin (for 
example, at Lake Mead or on the Southern California plain). The 
Upper Basin could participate in the benefits of the importation 
only by exchanges with the Lower Basin. Thus, California might 
give up claims to certain portions of its rights to the natural flow 
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of the Colorado River in exchange for water s acquired from the 
Columbia River system. 
The purposes to which an additional quantity of water avail-
able to the Upper Basin from natural flow of the river are as various 
as purpose s to which its pre sent supplie s are puL The additional 
quantities may be issued for additional development in industry or 
agriculture or in diluting the salinity of the river .. Economic con-
ditions would have dominant weight in such calculations: the cost of 
the water to potential user s > their ability to repay costs, compari-
son of costs of dilution and the cost of salinity control projects. 
The availability of additional quantitie s of water in the Lower 
Basin, if they ensued at Lake Mead, w·ould provide dilution water 
to meet the Mexican Treaty obligation and additional quantitie s for 
use in California and Arizona, along the River, in the Southern 
California coastal plain and in the Imperial and Cractella Valleys. 
Large- scale schemes for augmentation of the Colorado 
River raise innun1erable policy issues having international, national, 
and regional implications. One international implication already 
exists in view of the obligation as sumed by the United States in 
1968 to meet the requiren1ents of the Mexican Water Treaty and 
to explore augn-.lentation possibilities for that purpose. A second 
international implication concerns the relationship between the 
United States and Canada@ Domestic interests may demand that 
efforts be r.oade to negotiate interbasin transfer s from Canada to 
the United States, not only vvith respect to the Northwest-Southwest 
exchange but also with respect to the Missouri-lV1ississippi and 
Great Lakes basins .. Proposals such as the North A.merican Water 
and Power Alliance, involving waters from as far north as the 
Yukon River again gain sorne currency and become a part 
of the agenda for fhe two governments. A.s in the Columbia 
Water Treaty, matters wholly extraneous to the specific issue of 
water transfers might appear as elements in the bargaining process. 
The environmental implications of large- scale interbasin 
transfer s will inevitably be a matter of concern. Environmental 
impact statements pre sumably will be required and one may expect 
legal challenges both to the adequacy of the reports that may be 
prepared and to the transfers themselves. The environmental im-
plications would be most serious for navigation and marine life if 
the exportation were to occur near the mouth of the Columbia. 
Given the magnitude of the physical works, their cost, and 
the quantities of water involved, large-scale interbasin transfers 
raise important que shons of national policy. The mo st important 
policy may concern land-use planning and population distribution. 
Large-scale transfers, assuming they involve heavy commitments 
of federal funds, imply that economic activity in a given location 
is desirable from a national point of view, or that a given population 
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distribution should be maintained or perhaps encouraged. It is not 
clear at the present time that the United States has a clear idea 
with respect to such matter s; indeed, the central institutions 
appear to respond to regional pressures rather than imposing a 
national viewpoint on proposals for strictly regional benefit. 
National policy questions such as the following might be 
addressed: Does the United States wish to encourage population 
increases in the Southwestern part of the United States? Does the 
United States wish to encourage location in urban centers or in 
rural areas and small towns? Does the United States wish to en-
courage the growing of forage crops for beef production through 
agricultural developments in the Upper Basin of the Colorado 
River? What are the implications of the U. S. policy in support of 
agriculture in the Colorado River Basin for other agricultural areas 
throughout the United States? Does the United States wish to permit 
environmental degradation in the Colorado River Basin as a trade-
off for improving the environment in the urban center s of the South-
west. 
The economic implications of large- scale transfers are sig-
nificant from both national and regional standpoints. To what extent 
should the nation undertake to subsidize a given economy? Should it 
do so only in so-called depressed areas or in areas that already 
have thriving economies? Should it 11 rescue" areas that are suffering 
ills' associated with their own failure to plan? What cost- sharing 
arrangements should apply with re spect to lar ge- scale transfer s 
and on what segments of the population should the local costs by im-
posed? What are the income distributional consequences of such 
large public inve stments, both for the populations benefitted and for 
the populations that will have to pay? What federal requirements 
should there be with respect to local arrangements for imposing 
local costs and for avoiding windfall profits? Should the requirements 
of such traditional reclamation policy as the 160- acrea limitation 
be imposed on agriculture developed by such water? 
Both the importing and the exporting basins have important 
stakes in the large-scale water transfers and these must be explored 
carefully. The National Water Commission expressed a strong pre-
ference for arrangements that would impose the full cost of inter-
basin transfers on the beneficiaries of such transfers. Those who 
gained from the transfer would pay for the costs of transporting the 
water and compensation to any interests damaged by the transfer. 
Presumably, the beneficiaries could, under these terms, include 
those who secondarily benefit from the economic activity stimulated 
by such transfers. If the water were to be used for agriculture--the 
only user s who could justify the size of transfp.r likely to be justifiable--
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decisions would have to be made with the respect to interest 
charges on federal money. Would the construction funds be inter-
est free, as under present reclamation law? 
Local and regional interests in the Colorado River Basin 
would have to create or approve an institutional mechanism for 
apportionment of the benefits and costs of the transfer. Assuming 
Congressional action on such transfers, the terms of such appor-
tionment might be included in the statute authorizing construction 
of the works and irnposing costs on local jurisdictions, much as 
was done in the Colorado River Salinity Control Act. If the trans-
fer were to take place as a result of negotiations between the repre-
sentatives of the Colorado River Basin and the Columbia River 
Basin, then some institutional arrangement would be required to 
undertake such negotiations. Reports to the National Water Com-
mis sion considered several alternative arrangements, including 
a federalinter state compact involving the state s of the two basins, 
and such compacts for each basin. In neither basin is there an 
existing overall compact commis sion or authority to undertake 
such negotiations 0 
The exporting basin would have an obvious interest in organ-
izing to protect its interests. The Pacific Northwest River Basin 
Commission provides a forum for discussion but does not have the 
authority to undertake the making of binding commitments for the 
Basin State so Their stake s would include adequate compensation 
for any economic benefits lost in the transfer, protection for their 
environment, and determination of conditions under which water 
rights might be recaptured in time s of shortage or conditions for 
exportation under circumstances of low flowse The fir st of these--
recapture--is probably an illusory expectation given the magnitude 
of the investments and commitments involved. 
A major interbasin transfer will almost inevitably involve 
Congressional action in the exercise of its commerce power. One 
may expect innumerable calls upon any water proposed for impor-
tation: to meet the Mexican obligation, to meet Indian claims for 
their re servations, for dilution, for further economic develop-
ment, and for urban population. The final apportionment of benefits 
and costs will inevitably result from political judgments about who 
shall be the beneficiaries and bearer s of the burden. 
The emphasis of this discus sion has been on importation 
projects for augmentation purposes. Other means of increasing 
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the quantity of available water include weather modification, 
phreatophyte control and vegetation management, and desalination. 
Of these three, weather modification appears to have most appeal 
but probably decidedly less than importation. Studies of modifica-
tion of winter orgraphic storms in the San Juan Mountains provide 
evidence of the capacity of weather modification technology to 
produce additional quantitie s of water. Remaining que stions are 
those of reliability and environmental impact. Those concerned 
with increasing water supplies for developmental purposes doubt 
the reliability of the technology as a means of producing usable 
water, particularly in long-term drought situations. Environmental-
ists and local populations are concerned about the impact of increased 
stream flow that originates in the form of increased snow pack. 
The increased snow fall imposes heavier burdens on local communi-
ties and increases the chance of avalanches. 
Phreatophyte control and vegetation management as tools 
for increasing water supplie s raise is sues with respect to cost 
and environmental impact. Desalination as a general tool for 
increasing water supplies appears to be ruled out for the near 
future for reasons of cost. 
Third Issue Area: Do the goals, requirements, and programs 
of the P L 92- 500 conflict with the Salinity Control Policy 
of PL 93-320? 
The Colorado River Basin presents a unique setting for 
PL 92- 500, which was enacted in 1972, because in 1974 Congres s 
enacted special water quality legislation, namely, the Colorado 
River Basin Salinity Control Act (PL 93- 320), designed to specifi-
cally limit and control salinity in the CRB. The opinion is 
expressed in some quarters that conflicts exist between the 1972 
and 1974 legislation, particularly on the issue of" non-degradation" 
or II anti-degradation." At the operative level of near-term objec-
tives there actually appear s to be considerable compatibility and 
little conflict. At the level of long-term goals and institutional 
relations, however, incompatibility and conflict could arise, 
demanding legislative or judicial resolution. 
Background. Beginning in 1956 Congress has expressly 
authorized studies and reports concerning Colorado River water 
quality_ The Bureau of Reclamation has submitted biennial reports 
to Congress since 1963. The Bureau adopted a ten-year Water 
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Quality Improvement Program in 1971 and published details of it 
in the report, I! Colorado River Water Quality Improvement Pro-
gramtt in February, 19720 The I'! Seventh Enforcement Conference 
in the Matter of Pollution of the Interstate Waters of the Colorado 
River and Its Tributaries!! was convened by the EPA in February 
(Las Vegas) and April (Denver) of 19720 The federal and state 
conferees reached agreement on a number of recommendations 
including two of importance here: (1) salinity concentrations should 
be maintained at or below the then prevailing levels in the Lower 
Basin, while development in the Upper Basin proceeds concurrently, 
and (2) the Bureau's water quality improvement program ought to 
be flexibly implemented. At that juncture it would appear that 
general agreement had been reached within the CRB, and between 
EPA and the CRB states, as to salinity control objectives and means. 
At the same time, however, on the national level, pressure was 
mounting for stronger water quality legislation, and the re sult 
was the enactment into law of PL 92-500, over a presidential 
veto, on October 18, 1972. The new Act abandoned the interstate 
conference mechanism of water pollution control enforcement, 
but maintained the requirement of water quality standards. Signifi-
cantly, it directed EPA to impose effluent limitations and discharge 
permit requirements, which EPA, among other things, has sought 
to dOe 
All point sources of pollution. Subsequently, Congress 
passed PL 92-320, the Colorado River Basin Salinity Control Act, 
which was signed into law in June of 1974. Title II of P L 92- 320 
authorizes, in the main, the basic features of the Bureau of Reclama-
tion's I! Colorado River Water Quality Improvement Program, I! 
which had received the support of EPA and the states at the Seventh 
Enforcement Conference. 
EPA opposed the immediate authorization of the salinity 
control projects in Title II of PL 93-320, requesting a postpone-
ment for the following reasons, among others: 
The Environmental Protection Agency supported the con-
clusions and recommendations of the [Seventh Enforcement] 
Conference at that time, and we continue to support them in 
principle today. At the same time, however, we believe 
that it would be premature to enact [Title II which] is de signed 
to implement those conclusions and recommendations. 
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A few months after the enforcement conference made its 
recommendations in June 1972, the Congress enacted the 
Federal Water Pollution Control Act Amendments of 1972. 
In addition to authorizing our Agency to conduct research on 
agricultural pollution and salinity control problems, these 
amendments imposed various requirements on pollution 
dischargers which, we believe, should be considered along 
with the proposed measures ••• to resolve the salinity 
problem in the Colorado River Basin. 
The 1972 Amendments, for example, require permits for 
pOint source discharges to navigable waters, including mun-
icipa.litie s, industrie s, and certain irrigation return flows. 
The 1972 Amendments further require each State to adopt 
water quality standards consistent with the requirements of 
the Act. At the present time, our Agency is working with the 
Colorado River Basin States to delineate requirements and 
procedure s for establishing water quality standards in the 
basin and to develop a plan to implement these standards. 
[Letter from EPA Administrator, Russell E. Train, to 
Senator Henry M. Jackson, included in S. Rept. No. 93-906, 
93d Congo 2d Sessa 1972 J 
In opposing the Title II program of PL 93- 320, which was to 
be administered by the Secretary of the Interior, EPA. may have 
been seeking, in part, to solidify the authority Congres s gave 
it under P L 92- 500. Contemporaneous with the enactment of 
PL 93-320 the EPA attempted to give effect to both the recommenda-
tions of the Seventh Enforcement Conference and PL 92- 500 by 
proposing (39 Fed. 20703, June 13, 1974), holding hearings on 
(August 19 and 21, 1972), and then adopting as regulations (39 
Fed. Reg. 43721, December 18, 1974), the tlSalinity Control 
Policy and Standards Proceduresl'l for the Colorado River. Those 
regulations (40 C F R 120.5), among other things, provide: 
It shall be the policy that the flow weighted average annual 
salinity in the lower main stem of the Colorado River 
System be maintained at or below the average value found 
during 1972. 
The regulations require the eRB states to submit to the EPA for 
appr oval, by October 18, 1975, ,., adopted water quality standards 
for salinity including numeric criteria consistent with the policy 
stated above for appropriate points in the Colorado River System, 
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and a plan to achieve compliance with these standards as expedi-
tiously as practicable ••• It With re spect to such a plan, the 
regulations provide that compliance with the adopted standards 
should be sought by July 1, 1983, and, further that: 
The salinity problem shall be treated as a basin wide problem 
that needs to be solved in order to maintain lower main 
stem salinity at or below 1972 levels while the basin States 
continue to develop their compact apportioned water s. [40 
C FR 120. 5 (C) (2) (ii) ] 
The Sierra Club opposed that reference to continued development, 
but the EPA retained it in the regulations with the following ex-
planation: 
In recognition of the provisions of the Colorado River Com-
pact of 1922 and until such time that the relationship 
between the Compact and the Federal Water Pollution Con-
trol Act, as amended, is clarified, EPA believes that de-
velopment may proceed provided that measures are taken 
to offset the salinity increases resulting from further de-
velopment. [39 Fed. Reg. 43722, December 18, 1974 ] 
The EPA did not refer to PL 93-320 in the explanatory material 
which accompanied the regulations in the Federal Register; rather, 
reference was made to the recommendations of the enforcement 
conference and to the requirements of PL 92- 500. Today PL 92-
500, PL 93-320, and EPA.' s salinity control policy thus co-exist, 
awaiting either further integration or differentiation. 
Near-term obiectives. As noted above, by 1972, it had 
become patently clear to the Colorado River Basin states that 
(1) water supply and water quality are inseparable, and con-
tinued deterioration in water quality could become a constraint to 
full development and use of the basint s water resources, and (2) 
salinity was by far the most important water quality problem in the 
basin, and only a regional or basin- wide approach could be effec-
tive in its resolution. The enactment of PL 92-500 introduced a 
new factor into the salinity setting and led to the establishment of 
the CRB Salinity Control Forum by the basin states in November, 
1973, which be came the inter state entity re sponsible for negotiating 
with EPA over the requirements of PL 92-500. The Forum met 
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several times with representatives of EPA. during 1974 and is 
presently continuing these negotiations with respect to EPA's 
proposed Colorado River System Implementation Plan. The 
Forum and EPA continue to be in .a.greement on the 1972-based 
non- degradation policy. The problems being negotiated relate 
to the adoption of numerical standards throughout the basin. 
The 1972-level non-degradation policy appears to be well 
established in the implementation of PL 92- 500 and has the approval 
of the Congres s in PL 93- 320. A.nd, it must be remembered, the 
PL 92- 500 requirements for water quality standards and effluent 
limitations applicable to interstate water s are in terms of n be st 
available technology economically achievable." 
It is important to note that the implementation plan, required 
by Section 303 of PL 92- 500 and presently being negotiated, is to 
provide as surance that the non- degradation policy can be complied 
with. The plan must include both water management and salinity 
contr 01 measure s if the state s are to continue to develop their 
compact apportioned water s. Failure to reach agreement on an 
implementation plan for the Colorado River System which includes 
the non-degradation policy would cause serious disruption of state 
plans and institutions and could adver sely affect the basin economy. 
A. decade of water unity and cooperation between the Upper and Lower 
Basin states in furtherance of water development could be brought 
to an end. 
Arguably, Congress intended to avoid such a disruption by 
distinguishing between goals and requirements in PL 92- 500 and 
by establishing the National Commission on Water Quality to 
deter mine the impacts of implementing the Act. The impact study 
originated in the House bill, and there was no similar provision 
in the Senate pas sed bill. The study authorized in the House bill 
was to be conducted by the National Academies of Science and of 
Engineering, and the House pas sed bill provided that the effluent 
limitations, goal s, and policie s e stabli shed in the Act for 1981 would 
not go into effect until such time as the report of the results of 
the impact study was received by the Congress and additional legis-
lation was enacted approving such limitations, goals, and policies. 
In conference, a National Study Commis sion was substitued for 
the National Academies of Science and Engineering and the require-
ment for additional legislation was deleted, but the purpose of the 
study remained essentially the same. 
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To summarize, the 1972-based non-degradation policy for 
the Colorado River Basin apparently will be the accepted policy 
in the implementation of both PL 92-500 and PL 93- 320 for the 
near future. 
Longer-term goals. Thp. Environmental Law Reporter (4 
ELR 10143-10146) has stated that EPA.' s salinity policy for the 
CRB (L e., tl that the flow weighted average annual salinity in the 
lower main stern of the Colorado River System be maintained at or 
below the average found during 1972fT) appears inconsistent with 
EPA.' s duty under PL 92- 500 (i. e., to fI develop comprehensive 
programs for preventing, reducing, or eliminating the pollution 
of the navigable waters and groundwaters and improving the 
sanitary condition of sur face and under ground water s. II Section 
102(a), emphasis supplied. 
The legislative history reveals that PL 93- 320 was designed, 
in part, to reduce existing levels of salinity to make room for the 
degradation that will accompany expanded water resource develop-
ment, particularly in the Upper Basin. The report of the Senate 
committee stated that Title II of the A.ct, in part, "is a policy com-
mitment to undertake programs which would prevent salinity levels 
from exceeding the pre sent levels in the river below Hoover Dam 
as future utilization is made of the water resources of the Upper 
Basin. II S. Repts No. 93- 906, 93d Congo 2d Ses s. (1974); 1974 
U. S. Code Congressional and Administrative News, at 3336; em-
phasis added. Quite clearly, the II continued developmentn policy 
contained in the recommendations of the Seventh Enforcement Con-
ference were intended to live on through Title II of PL 93-320. 
And, as already noted, the EPA" Salinity Control Policy ' regula-
tions likewise support the further development of the compact-
apportioned water s. 
This t1 upgrading in order to degradert approach in the light 
of Section 102(a) of PL 92- 500 does not amount to \'t preventingfl 
or 1'1 eliminatingfl pollution. Doe s it involve f1 reducinglt pollution? 
Ar guabl y ye s, if it s rt net effe ctf! is to reduce s alinity to a point 
demonstrably below the 1972 level. As suming that such a reduc-
tion is a reasonable prospect under the PL 93- 320 program and 
the EPA. n Salinity Control Policy, 11 can the A.dministrator of EPA 
comply with Section 102(a) of PL 92-500 by pursuing the reduction, 
rather than either the prevention or the elimination of salinity in 
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the CRB? The disjuctive t.t orlt is used in the section, suggesting 
at fir st blush that an election between those goals is pos sible. 
Yet, Section 101(a) declares: nit is the national goal that the dis-
charge of pollutants into the navigable waters be eliminated by 
1985 11 
One is left with the impre s sion that, at the level 9f general 
goals at least, PL 92- 500 (to the extent it retains a 1985 no-
pollution-discharge goal), on the one hand, and PL 93- 320 and 
the EPA fI Salinity Control PolicyH (to the extent they per sist 
with a 1972- salinity-level goal), on the other, are contradictory. 
Statutes on like subjects are to be read together and con-
strued as much as possible in a manner that harmonizes and 
preserves their respective provisions. Where a confli~.t exists, 
special legislation is often said to govern over general legislation 
and later legislation commonly prevails over earlier legislation. 
The 1974 Colorado River Basin Salinity Control Act would seem to 
win out on both of those counts, but only if there is an unavoidable 
conflict. 
Looking to language of the two acts for further clues, one 
finds that Section 511 of P L 92- 500 deals with the subject of 11 other 
affected authority l and provides in part that the act is not to be 
construed as 11 limiting the authority or functions of any officer or 
agency of the United States under any other law or regulation not 
inconsistent with this Act 11 Section 511 (a)( 1). Nowhere is there 
an intention manifest in PL 92- 500 that the act is to be deemed 
inoperative or suspended, in whole or part, in any particular 
river basin or region of the nation. 
PL 93- 320 contains two references to PL 92- 500. Section 
107 in Title I (tl Programs Downstream from Imperial Damn) 
pr ovide s that nothing in the Act t1 shall be deemed to modifyfl the 
FWPCA, as amended (PL 92- 500). Section 207 in Title II (11 Mea-
sures Upstream from Imperial Daml1) provides, in relevant part: 
Except as provided in Section 205(b) and 205(d) of this title, 
with respect to the Colorado River Basin Project Act and 
the Colorado River Storage Project Act, respectively, 
nothing in this title shall be construed to alter, amend, 
repeal, modify, interpret, or be in conflict with the pro-
visions of ••• the Federal Water Pollution Control Act, as 
amended. 
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Subsections (b) and (d) of Section 205 pertain to the allocation of 
costs for salinity control units to the Lower and Upper Colorado 
River Basin Funis, and do not reflect any Congressional intent to 
modify or otherwise affect PL 92- 500. 
In short, on the issue of non-degradation there is an appar-
ent conflict between goals, on the one hand, and a Congres sional 
declaration precluding any interpretation of PL 93- 320 that con-
flicts with PL 92-500, on the other. Congress has declared that 
conflict with PL 92- 500 is to be avoided. Did Congress intend 
that the general goals of PL 92-500 are to prevail over the less 
lofty and more graduated regulatory scheme of Sections 301 and 
303 of the Act and control program of Title II of PL 93- 320? 
That question deserves legal clarification and resolution. 
There remains the issue of enhancing water quality beyond 
natural background conditions. With respect to the directive in 
Section 102 of PL 92- 500 compelling programs to prevent, reduce, 
and eliminate the 11 pollution of the navigable water" It it must be 
noted that 11 pollutioIT' is limited under the Act to It manmade or 
man- induced alteration of the chemical, physical, biological, and 
radiological integrity of water It Section 502(19). Natural 
sources of salinity are not required to be eliminated, then, by 
that particular portion of PL 92-500. Section 102 goes on, how-
ever, to call for 11 impr oving the sanitary condition of surface 
and underground water S', 11 which pose s several questions in con-
nection with the CRB. Would the condition of the water--level of 
salinity--in a natural state be unsanitary? Put another way, 
'would improving the sanitary condition of the river poP sibly or 
necessarily entail reducing salinity below natural background'limits? 
Assuming that the phrase 11 sanitary condition' (which is not defined 
in the A,ct) refers to the cleanliness of the river in terms of public 
health, it is doubtful that any improvement upon the natural con-
dition of salinity is mandated by Se ction 102 of the Act. 
It would appear, then that under PL 92- 500 the water quality 
of the Colorado River does not have to be improved beyond its 
natural state; thus, no conflict would appear to exist with PL 93-320 
on that particular is sue. 
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PL 92-500 AND INTER-INSTITUTIONAL RELATIONS 
Inter - Institutional Relations: B ac kgr ound Information 
from the Phase I Study 
The institutional arrangements for the administration of 
the Colorado River Basin into which PL 92- 500 was introduced 
are complex and rigid; but institutions, being human creations, 
are subject to modification. Fundamentally, they are founded 
upon expectations of citizens and policy maker s with re spect to 
benefits to be derived from Colorado River water. These expec-
tations are in turn based on property rights and legal entitle-
ments which are founded in federal and state laws, interstate 
compacts, court decisions and decrees, international treaties, 
administrative regulations and expectations concerning technical 
and financial as sistance provided by the federal government. 
Combined, they constitute II The Law of the River, II a gradual 
accretion to which PL 92- 500 constitutes an additional deposit. 
The complexity is neither surprising nor in itself dysfunc-
tional. Complexity in American administration reflects funda-
mental constitutional decisions militating against centralized 
decision making and providing institutional support for diverse 
interests. The division of powers among the federal, state, and 
local governments and the private and public interests that 
associate themselves with those governments in the management 
of the Colorado River, reflects a traditional preference--still 
strongly supported today- -for shared rather than imposed deci-
sions. De spite periodic efforts to rationalize and centralize 
river basin administration in the interest of 11 efficiencyl or com-
prehensive decision-making, the multiplicity of goals to which 
water may be and is put in the Colorado River Basin region has 
reinfor ced the preference for diver sity of power and authority. 
The existing diversity and complexity also reflects the his-
torical evolution of policy in the basin. The Bureau of Reclama-
tion, still the most influential federal agency in the basin, was 
created to supply technical and financial services in the interest 
of promoting development and agriculture. As other goals and 
interests became prominent, both regionally and nationally, their 
aspirations were frequently forwarded by separate statute sand 
agencies to administer them. Thus, State and federal agencies 
came into existence to protect fish and wildlife, forest lands 
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and watersheds, soils, and in-~tream u~es. Most recently, the En-
vironmental Protection Agency was established to protect environ-
mental quality. No single agency, whether federal or state, could 
encompass the diverse functions and goals represented by these agen-
cie s. Moreover specialization by function, purpose, clientele, and 
region was inevitable, given the complex duties imposed on public 
agencies: Research, planning, management, regulation, and enforce-
ment of laws that were themselves highly complex and technical. 
Specialized needs of given regions, and particular groups, such as 
Indians, n1ade institutional diversity a virtual necessity. 
Moreover, private groups saw advantage in institutional 
separateness. They often sought for--and still support- .... separate 
legislative authority, independent sources of funding, and political 
autonomy in order that tho se agencies might serve their special 
interest. Institutional isolation tends to rnean more strong identi-
fication between agency and clientele and a stronger political ram-
part from which to fight the inevitable battles that occur over 
water policy. 
Finally, there is a natural tendency for agency per sonnel 
to develop an orientation toward public policy that comes close 
to being an ideology" This ideology may be expre s sed in terms of 
a given policy goal or mis sion: reclamation or preservation; or 
an approach to problem- solving: structural or economic; or con-
cern for a given social group: irrigation farmers or Indians. 
Long identification with these goals, approaches and groups makes 
protection of the institutional setting a relatively high priority 
item on the political agenda. 
Institutional de sign is primarily a strategy for the accom-
plishment of some public purpose" The design constitutes a 
pattern of relationships to facilitate interaction among individuals 
and groups having requisite skills, to mobilize the necessary tech-
nological and economic resources, and to institute an appropriate 
set of incentives to induce the participants to seek the achievement 
of a given set of goals. The existing design is in a sense an 
equilibrium, representing the vector of political forces presently 
existing. The design shifts as the configuration of forces is 
altered by new demands or a new set of goals. In this sense, the 
institutional arrangements are dynamic, re sponding to both 
internal and external force s. 
It is clear that several interrelated forces have altered and 
continue to alter the basic relationships that have existed for decades 
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in the Colorado River Basin. The fir st of these is the concern 
for water quality, a problem since the beginning of the twentieth 
century, but only within the past two decades has it been given 
serious notice. During the 1960"'s enforcement conferences were 
held on radioactive wastes and subsequently salinity consultations 
between the Bureau of Reclamation officials and the Under Secre-
tary of Interior in 1971 led to the formulation of the Colorado 
River Water Quality Improvement Program. Pas sage of PL 92- 500, 
while seeming to have less relevance for the Colorado River, 
gave further support for the efforts of the EPA to set and enforce 
salinity standards on the river. 
A second force is the movement toward regional unity that 
has never existed since the time the Colorado River Compact 
was signed in 1922. Long- standing and new obligations to 
Mexico, recognition of the severely reduced quantities of water 
available from the river without augmentation, settlement of the 
historic battle s between California and Arizona, potential threats 
from quantification of Indian water rights, and severe diminution 
in the fin.ancial as sistance from the federal government have led 
the states of the basin to join force s in an effort to protect and 
promote their intere sts. The intrusion of new policy considera-
tions related to ener gy production and recreation have brought 
into play new demands that appear to require some accommoda-
tion by basin interests. Laws and traditions that favored one 
form of development, e specially irrigated agriculture, face chal-
lenge s from intere sts that seek to use that water for development 
in other directions. Finally, both because of the temper of the 
times and the legal opportunities created by statutes such as 
PL 92-500, other groups are demanding the right to be heard, 
making their demands felt in legislative and administrative hear-
ings and in the courts. Recent battles over the Grand Canyon 
National Park, Rainbow Bridge National Monument, and the ade-
quacy of various environmental impact statements all suggest 
the increased willingness of private groups to seek to participate 
in public decision making. 
To understand the institutional arrangements fully, one should 
also recognize the extent to which informal communication and 
contact reduces the barriers set by the boundaries of formal 
organization. The individuals in the state water development 
offices, the Bureau of Reclamation, and the various interstate 
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agencie s are pI' ofe s sionals with extensive backgr ounds in water 
resource planning and engineering. They have represented their 
states and agencies at innumerable gatherings--conferences, 
committee meetings, legislative hearings- -and have come to 
speak the same language, share the same concerns, and fear the 
same sources of opposition. It is not clear to what extent those 
concerned chiefly with water quality are or have been part of 
this fraternity but one would expect these informal ties to strength-
en and provide the means of reaching common under standings. 
Regional facilitating institutions" Cr ucial to an under stand-
ing of decision making is the role of such inter state agencies as 
the Committee of Fourteen, the Upper Colorado River Commission, 
the Colorado River Basin Salinity Control Forum, and the newly 
authorized Advisory CounciL The Committee of Fourteen, con-
sisting of two repre sentative s of each of the Governor s of the 
seven Colorado River Basin states, was reconstitued in 1962 at 
the reque st of the State Department, and it was this committee 
\lifith which Herbert Brownell negotiated when he was negotiating 
the salinity agreement with Mexico. Wesley Steiner, as Chair-
man of the Committee of Fourteen, spoke for the seven basin 
states in testifying in support of the Colorado River Basin Salinity 
Control Act of 1974. 
The Colorado River Basin Salinity Control Forum was 
created in response to the EPA proposal to publish regulations 
concerning the setting of criteria and numeric standards for 
salinity and constitute s the principal agency for negotiating with 
the EPA with respect to the critical issue of numeric salinity 
standards. While still repre senting the principal water develop-
ment interests found on the Committee of Fourteen, this Forum 
include s the principal state officials concerned with water 
quali~y. The Advisory Council, authorized by the Colorado River 
Basin Salinity Control A.ct, has essentially the same membership. 
The members of the Salinity Forum are presently engaged 
in efforts to meet the EPA requirernent that the states submit 
for approval (by October 15, 1975) water quality standards for 
salinity including numeric criteria consistent with the policies (1) 
that the flow \veighted average annual salinity in the lower main 
stern of the Colorado River System be maintained at or below 
the average value found during 1972 while basin states continue 
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to develop their compact-apportioned waters and (2) that Upper 
Basin States' water development plans are not thereby impeded. 
In a report dated June, 1975, the Salinity Forum proposed that 
numeric standards be established below Hoover Dam, below Parker 
Dam, and Imperial Dam. The proposed numeric criteria for 
these locations are 723, 747, and 879, respectively_ 
The proposed plan of implementation for salinity control 
.comprises a number of federal, State, and local projects, programs, 
and regulations designed to maintain the flow-weighted average 
annual salinity in the lower main stem at or below the proposed 
numeric criteria through 1990, as the state s continue to develop 
their compact- apportioned water s. The principal components 
of the salinity program are: (1) prompt construction and operation 
of the initial four units authorized by Title II of PL 93- 320, (2) 
construction of 12 other units listed in Title II of PL 93- 320 or 
their equivalent after receipt of favorable planning reports, (3) 
the placing of effluent limitations on industrial discharge s, and 
(4) the reformulation of previously authorized, but unconstructed 
water projects to reduce their salt loading effect. 
Whether the Forum's efforts will be acceptable to EPA 
remains to be seen.. EPA personnel are involved in the work 
group's efforts and presumably their input will be reflected to 
some degree in the Forum's final product. Early EPA thinking 
appeared to emphasize the need for numeric criteria at Upper 
Basin state boundarie s but EPA has concluded that such state 
standards are impractical, EPA also stressed that need for an 
approach other than one that depends almost entirely on federal 
appropriations, but appears to accept the 75 percent cost sharing 
involved in PL 93-320 .. EPA also stressed conservation and 
management programs designed to reduce the production of saline 
water. To a considerable extent such programs may still involve 
federal money through U. S. Department of A.griculture soil con-
servation, agricultural stabilization, and conservation programs. 
The Upper Colorado River Commission is an administr~tive 
agency formed under the Upper Basin States. Its Executive Direc-
tor plays an important role both within the Upper Basin and among 
the entire seven Basin States. It is notable that he serves as the 
secretary for the Salinity Control Forum and was one of several 
key spokesmen for the passage of the Colorado River Basin Salin-
ity Control A.ct, supported by the seven Basin States. The govern-
or s of each state appoint commis sioner s to repre sent their state Sf 
inter e st s at meeting s held periodicall y thr oughout each year. It 
is a forum usually taken advantage of also by federal agencies such 
as the Bureau of Reclamation whose Regional Director periodically 
makes a report on activities of the Bureau during the previous 
period of time. With both legal and technical staff to as sist the 
states in their consideration of issues of common interest, the 
Commission represents a useful agency for resolving interstate 
differences within the Upper Basin and an influential agency in 
reaching positions with respect to issues of concern to the entire 
basin" 
In contrast, the Lower Basin States have never sought 
to create a more formal organization for consultation and negotia-
tion of differences. Consultation does take place and effective 
staff work is provided by the California, Arizona, and Nevada 
water agencies. 
The role of the Bureau of Reclamation in salinity control. 
As noted above, the Bureau of Reclamation has been the principal 
feder al agent of water development in the We st. Its functions 
include surveys and investigations of potential reclamation projects, 
including multiple-purpose projects involving power, recreation, 
flood contr 01, and fish and wildlife pr otection, and also de sign 
and construction of such projects when authorized by Congress, 
operation and maintenance of constructed projects, funancing 
of projects and administration of repayment contracts, and various 
other duties associated with locating people on farms and main-
taining their projects. The Bureau is influential because of its 
expertise and because of its close relationships with local water 
development interests and members of Congress. Its technical 
capability in engineering, planning, soil sciences, and economic 
analysis make it an invaluable resource. Bureau officials work 
closely with local interests to ensure conformity of planning 
with local desires and local support once projects are formulated. 
In a very real sense, Congress--and particularly the Interior 
and Insular Affairs Committees--considers the Bureau of Reclama-
tion its construction agency for water projects in the West. Its 
plans and proposals are given great weight in the authorization 
and appropriations proce sse so 
The Bureau is playing a rnajor role in the salinity control 
program in the Colorado River Basin. It was a participant in the 
interstate conferences on water quality sponsored by the EPA 
and produced the reports that became the foundation of the water 
quality control program for the basin (see Colorado River Water 
Quality Improvement Program, 1972). Its Denver Water Quality 
Office undertook and continues to provide planning support for 
the salinity program. Construction of projects authorized by the 
Colorado River Salinity Control Act is under the direction of the 
Bureau regional offices in Salt Lake City, Utah,and Boulder City, 
Nevada. 
The Colorado River Basin Salinity Control Act, in addition 
to the features associated with the Mexican Water Treaty and 
Minute 242, authorized four salinity control projects in the basin 
above Hoover Dam and $125 million for their construction. In 
the fiscal year 1975 budget, $1,650, 000 was appropriated for 
advanced planning activities on these projects. In addition, the 
Bureau was authorized to continue the investigation of twelve 
other identified sources of salinity, including irrigation, point, 
and diffuse source controls. The Bureau has also been required 
by the Office of Management and Budget to reevaluate the author-
ized but unconstructed projects in the Upper Basin to determine 
the impact of their development of the salinity problem. 
Finally, the Bureau continues its work on planning and 
construction of projects presently authorized. These include 
advanced planning involving just over $1 million on eight projects, 
four projects under construction (mostly in connection with the 
Central Utah Project) involving over $16 million and minor con-
struction and drainage projects of around $1. 6 million. 
The role of the Environmental Protection A.gency in salinity 
control. The EPA is the major new federal entity concerned with 
water quality and enforcement of standards. Its predecessor 
agencies, the U. S. Public Health Service, the Federal Water 
Pollution Control Administration and the Federal Water Quality 
Administration, had initiated and carried out studies of the salinity 
question, beginning in 1960 and continuing on a cooperative basis 
with the Bureau of Reclamation throughout the 1960's. In 1971, 
EPA published its report on 11 The Mineral Quality Problem in 
the Colorado River Basin
'
! in which it recommended the establish-
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ment of numerical standards for salt concentration at key points 
throughout the basin in accordance with the 1965 Federal Water 
Pollution Control Act. 
The responsibilities of EPA under PL 92-500 and preceding 
legislation include the enforcement of water quality standards, 
approval and financial support for state programs, financing of 
municipal sewage treatment facilities construction, support for 
various forms of planning, and support for necessary research. 
In the realm of enforcement, it has played major roles in the 
setting of state standards, is suance of permits, monitoring, and 
direct enforcement and in the series of enforcement conferences 
dealing with radioactive materials and most recently with salinity. 
The former problem is considered substantially solved with levels 
of r adioacti ve material s in the basin significantly lower than 
acceptable Public Health Standard levels. The stream standard 
approach remains applicable to the Colorado River because of 
the unique pollution problem involving nonpoint sources. 
The responsibility for EPA water quality activity as it 
concerns the Colorado River Basin is divided among three regional 
offices: Denver, San Francisco, and Dallas, with the Denver 
office having responsibility for the states of Colorado, Utah, and 
Wyoming; the San Francisco office having responsibility for the 
state s of Arizona, California, and Nevada; and the Dallas office 
having responsibility for New Mexico. The potential conflicts 
and duplication arising out of a division of responsibility for a 
single river basin have been mitigated by giving lead authority 
to the Denver office when dealing with acti vitie s of the basin as a 
whole. 
EPA., under PL 92-500, is having a significant impact on 
the decisions that are being made in the basin. The permit system, 
whether delegated to the states or not, requires the states and 
publi c and private enti tie s within the state s to plan for and imple-
ment a schedule for compliance with federal standards. The 
permits provide specific objectives and timetables for arriving 
at those objectives as well as effluent standards for industry, 
municipalities and potentially for agriculture. These require-
ments, because of their specificity (in contrast to conference 
agreement), are subject to enforcement through administrative 
orders and ultimately through court action. 
EPA is influential also because it has been granted sizeable 
funds for sewage treatment facility construction, planning, and 
re search and demonstration. The latter two responsibilities may 
be more important for EPA in the Colorado River with respect 
to salinity than the sewage treatment facility program. EPA is 
in a position to fund programs of a research and educational 
nature that may demonstrate the viability of pollution control 
efforts that emphasize improved water conservation and manage-
ment rather than the structural approach that traditionally is 
taken in dealing with water policy in the West. Thus, its work 
in the Grand Valley and in support of the research by the Water 
Quality office of the Bureau of Reclamation provide s educational 
programs and demonstration projects through which to convince 
irrigation farmers that the most viable approach to the salinity 
problems they face is through management and conservation. 
Finally, EPA. is influential because it appear s now to be 
generally recognized that it must adopt and enforce salinity stan-
dards on the Colorado River. Until the passage of the 1972 Act, 
there was considerable feeling in the basin that the approaches 
to water pollution control under previous water quality legisla-
tion did not apply to the Colorado River because of its unique 
problem of salinity rather than sewage, industrial effluents, waste 
heat, and agricultural runoff. But both the 1965 Act and 1972 
Act imposed a requirement that standards be set and the repre-
sentation of the states have recognized this charge. The fact 
that EPA has not yet set those standards but rather allowing the 
states to develop a program that is designed to meet the goal esta-
blished by the 1972 enforcement conference, viz., holding the 
level of salinity in the lower main stem that level reached in 
1972. 
EPA and states relations. It appears that EPA has developed 
a strategy in the basin that emphasizes state responsibility as 
well as state effort, at least in part because P L 92- 500 clearly 
enunciates a preference for state resJX)nsibility. EPA. also 
recognizes its inability to administer the program with which it 
is charged by law. Failure of the states to design an adequate 
solution to the salinity problem through development of a plan to 
meet the goals of the Act might force EPA to design such a solu-
tion itself, with the effect that the exercise of water rights in the 
entire basin would become subject to EPA restrictions. Such a 
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position would probably be untenable politically and would impose 
nearly impossible strains on the resources of EPA .• Moreover, 
such a position would undoubtedly be attacked legally, tying up 
efforts to deal with the salinity problem for year s into the future. 
Similarly, EPA has sought to support the states in their desire 
to administer their own permit program. Within the basin, California 
and Wyoming already have approved permit programs. Colorado and 
Nevada are expected to have their programs approved by EPA in 1975. 
Water quality officials in Utah, Arizona, and New Mexico have sought 
and presumably will continue to seek legislative authority to adminis-
ter their own permit system. ffStates rights fl opposition, the expecta-
tion that EP A requirements violate due proce s s under state constitutions 
have been factors in delaying authorization in the latter two states and 
it is not clear whether authorization will be forthcoming in the near 
future., 
The case for unity. EPA reluctance to act more quickly and 
independently of the states and the states' willingness to seriously 
challenge EPA. authority to set salinity standards appear to stem 
significantly from a desire to avoid settling issues in court. 
The legacy of Arizona v. California in which California effectively 
thwarted A.rizona' s efforts to obtain water for the Central Arizona 
Project for a decade seems to have produced an extreme reluctance 
on all parties to seek judicial remedies. Justifiable issues may 
exist, particularly with respect to the claimed injuries the Lower 
Basin States endure from the increasing salinity of the water they 
receive, but no party appear s inclined to seek remedie s through 
the courts. If such actions are to be avoided, the only recour se 
is through bargaining among all of the interested parties. 
The cohesiveness of the basin states provides important 
elements of strength in dealing with potentially hostile forces, 
but its dependence on external resources rather than its own 
resources is its principal source of weakness. The unity prevails 
on a foundation of federal appropriations principally for the pur-
pose of undertaking salinity control projects. While there pre-
vails considerable -optimism about the provision of federal funds 
to build not only the projects already authorized but those additional 
projects being planned for the future--an optimism which is 
enhanced during a recession when public works projects are used 
to deal with unemployment--it is not unlikely that a failure of 
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funding or a failure to achieve the desired goal even with the 
construction of those projects may damage the unity that presently 
exists. 
In a very real sense, it may be argued that the existence 
of PL 92-500 and its implementation by EPA p!ovided the impetus 
for reconciliation of the issues existing between the Upper and 
Lower Basins. With deteriorating water quality threatening the 
viability of existing and proposed irrigation projects in the Lower 
Basin, expecially in California, and with the Upper Basin facing 
the possibility of not being able to develop more than one-half 
of its allotment under the Colorado River Basin Compact, there 
was a basis for litigation, if not between Upper and Lower Basin 
States at least between these States and the Department of the 
Interior. The imposition of standards in the Lower Basin and 
the necessity of developing a plan for meeting those standards 
provided the incentives necessary for serious negotiations. The 
agreement for a desalination plant at the Mexican border as part 
of Minute 242 provided the leverage by which the acquiescence of 
the Administration was obtained. 
The "case of unity' reaches down into the states as well. 
The quest for water quality improvements would appear potentially 
to provide the basis for considerable disagreement between its 
supporter s and those anxious to see further water development. 
Furthermore, different agencies are responsible for water quality 
improvements and water development and there are therefore poten-
tial institutional conflicts as well. To some extent these potential 
conflicts are headed off by the existence of water quality com-
missions which provide water development people an opportunity 
to influence the cour se of water quality policy. Most important, 
however, is the recognition on the part of all concerned that 
each state must protect its rights in the Colorado River and that 
its ability to do so depends to a considerable extent on maintaining 
a united front. A.lthough there is yet little experience to go by, 
one would expect water quality and water development representa-
tives on the Salinity Forum from each state to adopt a common 
policy before arriving to deliberate on is sues before the Forum. 
The problem of numerical salinity standards. The problem 
of numerical standards for salinity has been alluded to above. 
Here it will be useful to summarize some of the pro and con 
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arguments concerning the establishment of numerical standards 
at state lines (eo g., on the Green River belo\\! Flaming Gorge, 
on the Colorado River as it leaves Colorado, on the San Juan as 
it leaves New Mexico, and on the Colorado River as it leaves 
Utah) and other possible locations (e. g., on the Yampa, Animas, 
Gila, and Virgin, as well as on other smaller streams that cross 
state boundaries). 
EPA wished to establish numerical criteria at state lines 
for the following reasons: (1) in order to meet the legal require-
ments of the Act; (2) so that each state would have a bench mark 
against which to judge the effectiveness of its program; (3) to 
serve as an objective around which the state would plan, under 
Section 303(e) of PL 92-500; (4) standards at state lines would 
provide additional information concerning the effects of the over-
all salinity control program. 
The states opposed the establishment of numerical criteria 
at state lines for the following reasons: (1) the EPA Administra-
tor is not required to have standards at state lines--the matter 
is within his discretion; (2) it is not technically feasible to cal-
culate state line numerical criteria; (3) state line criteria would 
provide the potential for irresponsible enforcement; (4) there 
would be great danger of splitting the states' unanimity; (5) 
state line standards would jeopardize the overall reclamation 
salinity control prograrn; (6) state line standards might cause the 
burden of supplying good water for pollution to be shifted from 
subbasin to subbasin, or even from s tate to state, depending upon 
where the earlier water resource development would take place; 
(7) state line numerical standards would tend to focus on wrong 
number s. The States argued that standards should not be set 
where they are not needed$ EPA. has acquiesced on this point while 
continuing to seek in the plan of implementation to focus responsi-
bility in specific federal and State agencies for achieving water 
quality goals. 
IEDEact Is sue s Related to Inter- Institutional 
Relati6ns: Additional Anal ys is 
Fir st Is sue Area; Will existing institutional arrangements 
in the CRB for implementing water quality controls be ade-
quate? 
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The Environmental Protection Agency, in its charge to the 
Colorado River Basin States to come to agreement on water 
quality standards for the basin, included in the regulation a 
provision requiring that tt The feasibility of establishing an 
inter state institution for salinity mangement shall be evaluated II 
(40 CFR Part 120, Water Quality Standards, December 18, 1974 )" 
The motivation for including this provision in the regulation re-
mains unclear but its inclusion undoubtedly reflects the uneasiness 
often felt toward institutional arrangements that lack certainty 
of authority, clear cut jurisdictions, and obvious capability to 
achieve social goals. Faced with the array of federal.inter state, 
state) substate regional and local political entities involved in 
regulating, managing, using, and disposing of the waters of the 
Colorado River, one is likely to yearn for simpler institutional 
mechanisms. 
It does not appear that the Salinity Forum or its work group 
devoted much time or effort in evaluating institutional arrange-
ments in developing a plan for implementing water quality stand-
ards. Nor does it appear that EPA considered it a major issue. 
But whatever time the Forum did devote to this question l~d the 
member s to a preference for the status quo. In a draft of its 
report--dated February, 1975--the Forum considered several 
alternative institutional arrangements, admitted each had strengths 
and weaknesses, found the results achieved by other interstate 
basin institutions mixed, and then concluded: 
Adequate coordination can be achieved without a statutory 
inter state or ganization pr ovided the state s and the pertinent 
federal agencies are not only desirous, but willing, to work 
together. If they aren't, statutory institutions likely will 
not be successful, either, because neither the states nor 
the federal government can, nor should they, delegate 
sovereign authoritie s to inter state institutions. The result 
of establishing a statutory institution probably would have 
no more effectiveness in coordinating the activities of the 
states and of the federal government. (Proposed Criteria 
and Plan of Implementation for Salinity: Colorado River 
System. Prepared by the Work Group of the Colorado 
River Basin Salinity Control Forum, February 1975, 
pp. 1 ° 9 - Ill. ) 
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At least with respect to salinity control, the Forum would provide 
the necessary federal- state coordination and the states would 
supply the regulatory function. 
That the states should arrive at such a conclusion is neither 
surprising nor remarkable. The Colorado River Basin may be 
a hydrologic unity- - out- of-basin diver sions make even this concept 
questionable- - but it is anything but a political unity. The U. S. 
share of the waters of the entire basin are apportioned between 
the Upper and Lower Basins, among the states of the two basins, 
and within the states among the innumerable claimants for its 
water s (primarily under the doctrine of appropriation). Mexico 
has a recognized claim upon the river's waters. These claims 
upon the river's water are precious property rights for which 
those holding the rights are willing to do legal battle. 
In evaluating alternative institutional arrangements, then, 
one must start from the premise that these rights exist and that 
the representatives of the states will examine each institutional 
arrangement from the standpoint of its effect on their rights. To 
this point in time, they have clearly preferred to interact on 
policy by a process of bargaining among themselves, a process 
that tends to maximize their chances of getting something when-
ever they are required to give up something. This process may 
take place through direct bargaining--as occurred in creating the 
Upper Colorado River Compact--or through bargaining that is 
xnediated by Congress--as it took place in the Colorado Basin 
Project Act of 1968- -or through bargaining sponsored by federal 
agencie s- - as is taking place in the Salinity Control Forum. 
Clearly this is not a process that leads to optimization in the 
sense of assigning water to its highest valued use--however this 
is only one measures value--but it does provide maximum pro-
tection of existing interests and may--but only may--provide for 
political comity .. 
A weakness in the existing arrangements lies in the difficulty 
of creating mechanisms that can effectively accomplish the trade-
offs that might be desired by the basin states themselves. Congress 
from time to time supplies these mechanisms as it did in the Salinity 
Control Act by providing that the Upper and Lower Basins contri-
bute a proportion of the total cost of salinity control projects through 
the development funds in the two basins. But it is conceivable 
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that circumstances might arise, particularly in the absence of 
a federal role or commitment in which the states might wish to 
provide such mechanisms for trade-offs internally. It is conceiv-
able, for example, that states might wish to exchange dollars for 
water rights and such transfers might be accomplished through a 
regional arrangement. 
There do exist basin-wide institutions but those that exist 
are limited in various ways. The Environmental Protection 
A.gency, for example, has basin-wide jurisdiction and legal 
authority to impose regulations designed to achieve designated 
water quality standards. But, as illutrated in its sponsorship of 
the work of the Salinity Control Forum, it lacks the political 
power and the resources to enforce rules that have not received 
sub stantial ac ceptance by the state s. As r epeatedl y stated by 
various observers, 11what options did EPA have?f1 The answer 
is substantially none, unless one conceives of arbitrary imposition 
of standards, inevitable litigation lasting years if not decades, 
and long delays in the achievement of water quality improvements 
as a viable option. 
The Bureau of Reclamation also operates basin-wide, parti-
cularly with respect to its management of the river system itself. 
Operating at the direction of the Secretary of the Interior, it can 
clearly affect basin interests through its adoption of filling criteria 
for reservoirs, through its assignment of priorities with respect 
to studies and_ investigations and through its influence within the 
Congress with respect to project authorizations and appropriations. 
But the Bureau's primary mission has been water development, 
giving scant attention to water quality until recent years, and it 
has by law and tradition been strongly oriented toward the states 
and local entitie s in their que st for feder al financing of pr oj e cts. 
Other federal agencie s have still more limited jurisdictions: 
the U. S. Geological Survey and its re sponsibilitie s for hydrologic 
date- gathering; the Soil Conservation Service with its on-farm 
improvement responsibilities; other U. S. Department of Agricul-
ture units such as the Extension Service and the Agricultural 
Research Service make substantial but limited contributions to 
water quality improvements and undertakings in the basin. 
The existence of multiple agencies with limited jurisdictions 
should not sugge st that these institutions operate in isolation or 
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in ignorance of what others are doing. While instances of duplica-
tion of effort and competition undoubtedly exist, the dominant 
picture in the basin is that of a complex network or web of agencies 
with an extensive array of communication systems and manifold 
mechanisms for cooperation in considering common problems. 
Current work in the Grand Valley, Colorado, may provide an 
illustration. Identified as an important source of salinity and 
one of the four areas for which salinity control projects have 
been authorized. The Grand Valley is now the focus of work for 
numerous federal, State, and local agencieso The Environmental 
Protection A.gency has funded research being conducted by Colorado 
State University. The Bureau of Reclamation is pressing forward 
w'ith its irrigation management services and water systems im-
provements in the Valley while preparing a definite plan report 
for the salinity control project authorized by PL 93- 320. The 
Soil Conservation Service and the Extension Service are all involved 
in studying improved farm management practices. Tl:e Colorado 
Water Conservation Board and the local irrigation district play 
irn.portant roles in implementing programs. The U.S. Geological 
Survey and the Agricultural Research Service are gathering data 
on water quality. A.nd there exists a Grand Valley Salinity Coor-
dinating Comrnittee to relate the work of these agencies to each 
other and to the irrigation districts and farmers in the Valley. 
In examining alternative institutional arrangements at the 
basin-wide level, it is neces sary to evaluate precisely what func-
tions basin-wide institutions might perform and how the per formance 
of those functions might impinge on the interests of various political 
entitie s in the basino In other words, what would they stand to 
gain and lose 'in the transference of some authority presently 
held in a fr agmented way by the various actor s in the basin? 
Several functions will be generally reviewed here. 
Planning. The function of planning is important in setting 
the agenda for decision-making and for outlining the alternatives 
available. Despite the plethora of planning efforts taking place 
in the various state s of the basin, it may be ar gued that there is 
no basin-wide planning taking place. EPA has some general 
notions of the kind of social policy into which water development 
and water quality management might fit, but there appear s to be 
no clear-cut conception of the future character of the basin beyond 
its immediate goals of improving air and water quality. The 
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Bureau of Reclamation is developing a concept of Total Water 
Management t1 focusing upon water quality, quantity, and environ-
mental needs and identifying measures to meet these needsf .' 
(Bureau of Reclamation, April, 1975). Maletic and Bessler write 
that tI Under this approach, more planning effort, in particular, 
will be placed on the evaluation of exi sting system s, institutions, 
and legal frameworks to determine whether operations and facil-
itie s could or should be modified to achieve better management in 
light of our new goals and valuesff (Bessler and Maletic, 1974). 
They conclude that tI Some institutional change s or modifications 
should be anticipated if the best practical control technology and 
total water management techniques are to be applied." (Bes sler 
and Maletic, 1974, p. 35) 
The planning effort taking place in the states is necessarily 
fragmented, given the fact that the planning goals are defined by 
the boundaries of the states and the purposes to which water might 
be put within those boundaries. With the addition of sizeable amounts 
of federal money since 1965, state planning efforts have been 
strengthened considerably. But it is open to real question whether 
the planning efforts for water development bear close relationship 
to the planning for water quality that must accompany development 
if water quality standards are to be met. For state officials 
planning on a river- basin scale may seem less relevant to real-
world because the basin does not define the ptrnicpal focus of 
social problemso The Colorado River Basin is relatively sparsely 
populated and states as well as federal agencies may prefer to 
spend their scarce dollar s to deal with urban problems rather 
those involving the hinterland. 
The fragmentation of planning efforts is further co mpounded 
by the fact that water planning, whether for development or for 
quality, is inextricably intertwined with land-use planning. EPA 
support for basin and designated area planning under sections of 
303 and 208 of the 1972 .Act provide some leverage to deal with 
these relationships but it is yet to be seen whether these planning 
efforts are of sufficiently high quality and political appeal that 
they bear fruit in land- use decisions at the state and regional 
levels. The planning picture is complicated still further by the 
prospect of federal land-use planning legislation that would signifi-
cantl y augment the capability of the state s and local units of govern-
ment to plan future development. Finally, the increasing demand 
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for energy to be produced by coal and oil shale and to be extracted 
in the Colorado River Basin threatened to outstrip the planning 
capacity of all units of government. Without some regional con-
ception of its future, outside for ce s may dictate the conditions 
under which future residents of the basin may live. 
An effort at regional planning would therefore appear to 
be an appropriate step in the direction of examining alternative 
futures for the basin. In a sense, the basin is a colony subject 
to the exploitative pres sure s from outside populations where political 
strength tends to be found. A regional institution could identify 
values within the region and in so identifying them increased 
their chances of protection. But such an institution would be too 
limited if its charter were re stricted to water development and 
water quality. Its charter necessarily would encompass land-use 
planning as well. 
It is probably inevitable that state orientations toward their 
own narrower interests would create resistance to regional plan-
ning unless sufficient incentives are provided. Substantial federal 
funding would undoubtedly be required. But the most effective 
incentive will probably be the external pressures on their resources, 
the demands for higher water quality, the lack of federal funds 
for public works projects, and the consequent need to deal with 
each other to establish a unified front rather than to face external 
pressures alone. 
Evaluation. Assuming that projects sponsored by State and 
federal agencies with significant impact upon water quality within 
the basin will continue to be proposed, the is sue of institutional 
arrangements for evaluatim becomes relevant. Although there 
has been an evolution of tools of evaluation the se tools continue 
to be applied to individual projects in a non-cumulative way. 
Further, the tools are used by agencies with fairly narrow purposes 
and perspectives. 
Traditionally evaluation has been based on national economic 
efficiency, and each project has been evaluated according to the 
expected balance of benefits and costs. In recognition of the lack 
of precision of this economic tool and in realization of its narrow 
perspective, benefit cost analysis has been replaced in the princi-
pals and standards designed by the Water Resources Council by 
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multiple to objective evaluations and planning (MOP). In MOP, 
each project is evaluated according to its prospective impact on 
environmental quality as well as upon national economic efficiency. 
Although not formally required, regional benefits and effects upon 
quality of life may also be specified and considered. This con-
temporary tool of evaluation consequently provide s information 
about impact upon diver se goals and objective s. A third important 
evaluation mechanism was authorized by the National Environmental 
Policy Act of 1969 (NEPA). NEPA requires that every proposed 
federal action with significant impact upon the environment be 
accompanied by an environmental impact statement (EIS). This 
statement is supposed to specify the long and short term consequences 
of a project upon the physical and human environment and to indicate 
any irretrievable commitment of resources. 
Despite the evolution of evaluation mechanisms, the lack of 
a basin-wide perspective in this function may place limits upon 
comprehensiveness and accuracy. Projects have tended to be 
considered one at a time without taking into account cumulative 
effects. While the salt loading of any particular project or activity 
may be small, the real evaluation of impact can come only with 
a systematic as ses sment of the interaction of that one project 
with a number of other s which add to salinity and reduce amounts 
of water available for dilution. A general shortcoming of evalua-
tion has been the self- serving nature of many evaluations. The 
flexibility of benefit- cost analysis to justify projects which agencie s 
are dedicated to constructing has been documented many times. 
Similarly in multiple-objective evaluations agencies tend to over-
emphasize the benefits of projects which are in accord with their 
basin missions. Environmental impact statements are initially 
prepared by the lead agency proposing the project. In consequence, 
critics argue that EIS's have tended to justify what agencies in-
tended to do before any evaluation was undertaken. 
A basin-wide institution might serve to overcome some of 
the above shortcomings in evaluation. Ideally it might be pos sible 
to look ahead at numbers of proposed projects suggested by a 
variety of agencies and evaluate their cumulative effects. With-
out a narrow agency orientation it might be pos sible to more 
objectively evaluate a range of alternatives. If basin-wide evalua-
tion is to take place by a regional institution, this function might 
best occur early in the planning process before specific projects 
have been designed and have accumulated political momentum. 
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While a basin-wide institution for evaluation might be sup-
ported by some interests in the basin, the establishment of such 
an institution is likely to be resisted by many. Pre-project 
evaluations have legitimacy in the decision making proces s only 
when there is general agreement about their reliability. Increas-
ingly there have been doubts about the tools of evaluation, hence 
the evolution from benefit-cost analysis to more inclusive methods. 
Evaluators as well as their tools have <come under scrutiny, and 
one motivation for public participation is to broaden the range of 
inter e st s involved in judgment. Given the incr easing s car city 
of water resources and the fact that adverse impacts upon water 
quality and quantity are more immediately felt by number s of 
people these may be growing support for basin-wide evaluations. 
Research. The salinity problem in the Colorado River 
Basin has demonstrated the need for additional re search on the 
physical processes leading to increased salinity and the measures 
that might be taken to ameliorate the conditions contributing to 
the problem. In addition, there exists a large area of research 
needs having to do with the legal, institutional, and economic is sues 
raised by the salinity issue. It may be expected that such needs 
will continue to exist. 
The states have developed a considerable research capability 
through their water research centers. With both federal and 
matching funds these centers have sponsored much research 
related to the salinity problem. In a very real sense, virtually 
all research related to improving irrigation water efficiency and 
cr op pr oduction make s a contribution to the solution of the salinity 
problem .. 
In the last several years, the water resource research 
centers, with the urging of the Office of Water Resources Research 
and Technology, have increasingly taken a regional approach to 
water problems. Particularly notable in this regard is the Color-
ado River Regional Salinity Project, sponsored by OWRR T and 
including univer sity researcher s from California, Arizona, and 
Colorado. There exist major laboratories such as the U. S. 
Salinity Laboratory at Riverside, California. EPA. has established 
a research center at Ada, Oklahoma where the focus of research 
is on irrigation return flows. The Bureau of Reclamation has 
sponsored considerable research on a contractual basis with 
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universities and private firms and with other federal agencies. 
Its work in developing the irrigation management system and the 
water systems improvement program also contribute significantly 
to the knowledge base with which to attack the problem. 
In contrast with planning, the conduct of research would 
not seem an appr opriate undertaking for basin-wide institutions 
such as a river basin commission or authority. There are positive 
benefits to be gained from the fragmented approach, inviting as 
it does a multiplicity of approaches, and methodologies in studying 
a complex physical, economic, and legal problem. The existence 
of major laboratories at centers like the U. S. Salinity Laboratory 
promises the capability to undertake basic research and other 
re sear ch that may r equir e a maj or concentr ated effort- - a " critical 
mass.t! The consortium of university researchers provides the 
opportunity to test various approaches and methodologies in a variety 
of settings and thus contribute to an understanding of the salinity 
problem in its natural environment. 
A regional planning institution mightmake a significant 
contribution to the agenda of re search of such institutions through 
the identification of gaps in the knowledge necessary to plan 
effectively for management solutions. Similarly, the independent 
re searcher s may sugge st limitations in the planner Sf approach 
to problem- solving and enlighten their planning effort. While the 
existing arrangements for the conduct of research may not be 
ideal in terms of level of effort or in the establishment of prioritie s 
or in avoiding duplication of research efforts--all of which are 
highly debatable topics--thefundamentally decentralized structure 
would appear to be most conducive to a high-level research product. 
Regulation. The basic thrust of 92-500 is for regulation of 
water pollution at the State level. It appear s that EPA, as the 
principal federal regulatory agency, has made a concerted effort 
to support State as sumption of responsibility for regulation, albeit 
with sometimes aggravating (to the states) tendencies to demand 
ab solute conformity with EP A.I s conception of what constitute s 
an adequate regulatory program. Within the Colorado River Basin 
the states of Wyoming, Colorado, and California are currently 
operating their own EPA-approved permit programs and other 
state s have made serious efforts to bring their legislative authority 
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and level o£ support in conformity with EPA requirements. Even 
in those states yet lacking authority to conduct their own EPA-
approved programs, a relatively high level o£ cooperation appears 
to exist in the is suance o£ permits, monitoring, and en£or cement. 
Given the basic legislative mandate and assuming continued 
federal support in the form of construction grants and enforcement, 
there seems little reason to doubt that the states and/or the federal 
government are capable o£ carrying out an effective permit pro-
gram that will lead to the realization of the goals of the A.ct with 
re spect to most measures o£ water quality. State as sumption of 
re sponsibility for regulation has already led to shifting of per son-
nel out o£ EPAI s compliance and monitoring programs. 
Salinity remains the single intractable water quality problem 
in the basin. The regulatory authority clearly is EPAI s and it is 
exercising that authority in requiring the states through the 
Salinity Control Foro m to set numeric criteria and to submit a 
plan of implementation for achieving those standards. Given the 
fact that salinity is a basin-wide problem and the effects o£ con-
tributions o£ saline water in the upper reaches of the basin are 
felt in the lowest reaches o£ the system, it is clear that the 
regulatory authority must be broader than that of a single state. 
It is not yet clear whether salinity control can be incorpor-
ated in the water quality program of each state such that state 
authoritie s will be capable of enforcing effluent limitations on 
those contributing to the salinity problem. In at least one state 
instructions have been given to those engaging in basin-wide 
planning to ignore the salinity problem on the assumption that 
eventually the standards set at various points in the Lower Basin 
and data gathered from monitoring and from additional research 
will provide the basis for establishing salinity streams standards 
within each subbasin within each state and thus provide the basis 
for enforcement actionc 
EPA argued in the early deliberations of the Salinity Forum 
that salinity standards should be set at State boundaries. The 
states vigorously opposed State boundary standards on the grounds 
that too little was understood about the mechanisms contributing 
salinity at any given point in the basin, that State s would be put 
in a competitive position with respect to development and salinity 
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control projects, and that State contributions to downstream salin-
ity were effectively masked by the 2- year time period required 
for water to move through reservoirs on the main stem of the 
Colorado River. Some within EPA appear to maintain its early 
position but it now appears that EPA is convinced that the data 
are not available to provide the basis for setting standards at the 
State boundarie s. EPA is now willing to settle for a much expanded 
monitoring program to provide the information neces sary for 
State boundary standards. Environmentalists, on the other hand, 
are opposed to the approach being taken by the Forum and EPA, 
ar guing that failure to set State standards for salinity and reliance 
on salinity control projects is a device to allow the states to 
escape responsibilities for improving water quality as required by 
the Act and as a license to continue development which will make 
tax problems more critical. 
A basin-wide approach to salinity control is clearly neces-
sary and given the lack of alternative institutional arrangements, 
EPA. will undoubtedly continue to perform that function. EPA 
has been walking a tightrope with respect to its regulatory responsi-
bility in that no standards were laid down for the River until 1972 
and numeric criteria and a plan of implementation have yet to 
be adopted. EPA runs the risk of lawsuits that might be brought 
by environmentalists for failure to comply with the clear statutory 
mandate s with re spect to water quality standards. 
It is conceivable that a river-basin institution might take 
on the responsibility for regulating the river with respect to the 
salinity problem. The states might prefer some self-regulatory 
mechanism of this sort to the imposition of federal regulations, 
assuming that each was adequately represented on the regulatory 
body. On the other hand, given the fact that the regulatory agency 
is in a position to provide benefits and inflict penalties by its 
decisions and enforcement actions, the states may well prefer 
to retain the present arrangement under which they bar gain over 
standards among themselves in order to comply with the require-
ments of a relatively neutral federal agency whose principal inter-
est is the achievement of overall stream standards. EPA., on the 
other hand, might be extremely reluctant to delegate or otherwise 
lose its authority for regulation to an interstate body without 
as surances that a strong regulatory stance would be adopted. 
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f:'· far-reaching kind.. Decision affecting the basin as a whole need , to be examined systematically and comprehensively, but no exist-~ ing institution has a basin-wide intere st and per spective as its 
primary focus. As future resource management problems 
evolve, a basin-wide entity, could perhaps play an important role 
as a partner in the extant institutional structure in some of the 
areas suggested by the foregoing discussion .. Weatherford (1973) 
noted that such an entity could serve basin interests in a role of 
policy review, technical assistanceJand regional research (Gary 
Do Weatherford, II Basin- Wide Planning and the Problem of Multi-
ple Jurisdictions in the Colorado River Basin, I't Address given 
at the Colorado River Basin Environmental Management Confer-
ence, Salt Lake City, October 15-16, 1973). 
IMPLEMENTA.TION CAPABILITIES OF CRB 
WATER QUALITY INSTITUTIONS 
Although the federal government has taken an increasingly 
greater r ole in dealing with water pollution, the states continue 
to bear major responsibility in this area. The extent to which 
PL 92-500 is implemented in the CRB depends to a large degree 
upon what happens in the field where pollution actually occurs and 
State and local agencies attempt to apply the law. There is often 
an enormous gap between the goals and objectives of legislation 
and the impact which that legislation eventually has. The imple-
mentation process is enormously complex and the potential 
institutional barrier s to implementation of PL 92- 500 are numerous. 
Agencie s may lack the legal authority, orientation, or organizational 
capacity to act as the legislation specifies. Further, the political 
environment of agencies may not be at all conducive to implementa-
tiono 
This section of the report concentrates on those institutions 
which are most closely involved in 11 on the ground
'
! implementa-
tion: State water quality agencies, municipalities, industries, 
public groups, and agriculture.. The key to the implementation 
process is the state water pollution agency. Therefore the analy-
sis focuses upon State agencies and their role in implementation. 
Other participants will be considered as they are related to and 
pr ovide an environment for State agencie s. 
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state Water Quality Agencies: Internal Characteristics 
It would be a mistake to view state water quality agencies 
simply as another cog in the machinery to achieve the objectives of 
PL 92- 500. Recent state administrative reorganizations within the 
United State s have tended to gi ve water quality or ganizations more 
status. Where an organization is placedin administrative structure 
affects visibility, prestige, orientation, and relationships. A separate 
pollution agency or a water agency within an environmental agency is 
likely to have higher status thanifthe same'organization is a division 
within an environmental bureau within a health or resource depart-
ment. Examples of this trend in the CRB are the California State 
Water Resources Control Board and the recently organized Wyoming 
Department of Envir onmental Quality and Bur eau of Envir onmental 
Health in the Nevada State Department of Human Resources whichis 
now separate from the Health Divisionin the same Department. 
Orientation and Mis sion of the State Water Quality Agency 
Like mo st or ganizations, State water quality agencie s are 
not simply bland, unbiased implementers of any charge which 
might be given by the federal government. They have their own 
goals, objectives, and priorities. Many of these are the result 
of years of operation and reflect the original char ge to the agency. 
Many of the water quality agencies in the basin are old, and they 
reflect an orientation to water pollution as primarily a public 
health as distinguished from an environmental problem. This 
is likely to be especially true in agencies which are still in Health 
Departments. 
Personnel. How an agency implements 92- 500 depends very 
much upon the personnel within the agency. If the organization is 
understaffed, it may be difficult to carry out the burden imposed 
in the implementation of 92- 500. The staffing capacity of the 
basin states agencies is reflected to some degree by growth in 
number s. How this has changed since 1971 is shown in Table 
11- 81. 
Skills of staff are also important. Presumably much 
broader competence beyond sanitary engineering will be necessary 
to implement 92-500. The number of economists, planners, life 
scientists and other professionals employed is an important indicator. 
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Table IT-81. Manpower allocations for State water quality func-
tion: FY 1971-1975. 
Man Years 
State FY 1971a FY 1975b Percent Increase 
Arizona 110 0 25.5 240.9 
California 192.3 408.0 212.2 
Colorado 21. 0 43.5 207. 1 
Nevada 5. 7 6.45 113.2 
New Mexico 14. 6 31. 0 212.3 
Utah 12.7 25.0 196. 8 
Wyoming 3. 0 16.0 533.3 
Total 260.3 556.45 213.8 
aN. William Hines, Public Regulation of Water Quality in the 
United States, National Water Commission, Arlington, VA., 
1971, pp. 214-216. 
bState Water Quality Management Plans for FY 1975. 
An organization with the staffing to do many jobs in-house 
can be said to have a high degree of organizational capability. 
Therefore the percentage of the total budget spent on consultants 
is an important indicator. It may not be important that alar ge 
number of the 11 planstl required by PL 92- 500 have been done by 
consulting groups under contract to the state agencies. 
Budget. It will take a ]a r ge financial commitment on the 
part of State agencies to implement 92- 500. A.n important indica-
tor of commitment is growth of the budget. Figures must be inter-
preted with caution because the level in 1971 varies according to 
the extent to which states were already concerned. Table II-S2 
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indicates that Arizona has had the lowest State budget commitment 
of all of the CRE States. On the other hand, Utah, Nevada, and 
Colorado have seen four-fold increases in State budgets for 
water quality functions. 
Table 11- 82. Change in State expenditures for Water Pollution 
Control Programs: FY 1971-FY 1975. 
A.rea 
Arizona 
California 
Colorado 
Nevada 
New Mexico 
Utah 
Wyoming 
Total CRE State s 
FY 1971a 
88, 117 
2,801,270 
220,485 
34,213 
113,000 
92,052 
39,400 
3,388,537 
FY 1974b 
154,000 
8,394,552 
918,063 
169,859c 
262,343 
440,302 
95,847 
10,434,966 
Percent Change 
174.8 
299.7 
416.4 
496.5 
232.2 
478.3 
243.3 
307.9 
aDigest of FY 1971 State Program Plans. EPA, Water Quality 
Office, Washington, D. C., 1972, p. II-8. 
b . InformatIon taken from latest State Program Plans available. 
c 
FY 1975 data. 
The Political Environment of State Water Quality Agencies 
The role of state water quality agencies in implementation 
is affected not just by internal factors, but also by the political 
environment in which State agencies operate. To survive and 
prosper, State agencies must maintain a positive balance of sup-
port from a variety of forces and interests within the state. 
Vigorous implementation of 92- 500 can only be expected when 
the political environment is permissive. The figure below repre-
sents a general model of the influences which might be important 
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to State agencies in the CRB. What follows is a general descrip-
tion of these influences and some examples from particular 
State s. 
Agriculture 
/' State Legislator s 
State Water £::. 
Pollution Control~ __ 
1 Agency ~--'---' I/. "",,- Governor sand ~\ \ ~ Governors'Staffs 
Public Interest Groups Other State 
Municipalitie s and Other 
Levels of Government 
Industry 
Agencies 
State legislatures. State legislatures in the basin have his-
toricall y given little attention to pollution, including water pollu-
tion.. In order to implement to cooperative federal- state permit 
system envisioned by Title IV or PL 92-500, it has been necessary 
for the state legislature to pas s enabling legislation which brings 
state legislation in line with the enforcement system outlined by 
PL 92-500 and subsequent EPA regulations. 
To this point, EPA has sought to support the states in their 
desire to administer their own permit program. Within the basin, 
California and Wyoming already have approved permit programs. 
Colorado and Nevada are expected to have their programs approved 
by EPA in 1975. Water quality officials in Utah, Arizona, and New 
Mexico are seeking legislative authority to administer their own 
permit system. flState rights ff opposition and the expectation that 
EPA will not really enforce the permits has delayed authorization 
in the latter two states and it is not clear whether authorization 
will be forthcoming in the near future. From the standpoint of the 
regional office in Denver, Utah's reluctance stems from a refusal 
to accept federal dictation of what constitutes appropriate legisla-
ti ve authority. Utah has obj ected to EPA requirements that it 
change the member ship of its water pollution advisory committee 
and that it impose minimum fines on those who violate or fail to 
obtain permits. 
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Governor s and Governor s' planning and budgeting office s. 
Because pollution has not been an important is sue, Governor s 
have not shown a great deal of interest in it. Similarly, staff 
arms of governor s have made no particular attempts to relate 
to pollution agencies. There are indications of some change. 
Recent gubernatorial elections in the basin" such as in Colorado, 
may indicate greater sensitivity. Also, the general support by 
the basin Governors for the work of the Salinity Control Forum is 
an indication of support. The increased budget levels for pollu-
tion agencies (see Table 11- 83) in most of the states could not have 
been accomplished without active support at the Chief Executive 
level in the state s. 
Table II- 83. Construction grants for municipal waste water 
treatment works in eRB states, FY 1973 and 1974. a 
State Allocation Obligation Allocation Obligation 
Arizona $ 2,692,000 $ 1,467,775 $ 4,038,000 0 
California 196,352,000 62,666,211 294,528,000 0 
Colorado 6,332,000 0 9,498,000 
Nevada 5,754,000 4,819,350 8,631,000 
° 
New Mexico 4,216,000 764,620 6,324,000 $912,000 
Utah 2,816,000 
° 
4,224,000 
° 
Wyoming 536,000 425,925 804,000 
a Clear Water Report to Congress, EPA, June 1974, pp. 20-22. 
b A.s of December 31, 1973. 
c· As of December 31, 1974. 
Other state agencies. Like most State governments, State 
administration in the CRB is enormously fragmented, making 
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communication and coordination difficult. To an extent this frag-
mentation has been promoted by the federal government. State 
agencies relate directly to their federal counterparts in what has 
been called vertical functional bureaucracies. State agencies 
share the professional orientation of federal agencies in the same 
field and state agencies become dependent on their federal counter-
parts through federal grants. There are, however, a number of 
agencie s which might logically relate to state water pollution 
control agencies. 
SOIT1e of these include: 
1. State Engineer Office s 
2. Water Resource Planning Agencies 
3. Fish and Game Agencies 
4. Other pollution control Agencie s 
50 State Land Agencie s 
6. Natural Resource Agencies 
7 e Urban Planning Agencies 
Industries. Industrial polluter s are important actor s in the 
environment of state pollution agencies. In the west, mining and 
resource development interests have had enormous political 
clout. The importance of mineral extractions industries to the 
CRB can be seen in that the Bureau of Mines reported in 1969 
that 19. 95 percent of mineral extraction (including petroleum and 
natural gas) in the United States came from the seven- state CRB. 
Industry has often been directly represented on advisory 
boards for water quality agencies. For example: Utah statutes 
require the eight member advisory board to be made up of repre-
sentatives from mineral industries; food processing industries; 
manufacturing industrie s; municipalitie s; agricultur e and li ve-
stock interests; fish, wildlife, and recreation interestsf and two 
member s at lar ge taking into account the area of the state affected 
by water pollution. 
With the acceleration of the pollution control programs man-
dated by PL 92- 500, CRB industries are faced with major pollution 
control expenditures. The only specific federal financial assis-
tance program for industries is the small business loan programs, 
but industries do receive indirect financial aid through provisions 
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of the Tax Reform A.ct of 1969. That act allowFl accelerated amor-
tization of control facilities for air and water pollution for federal 
income tax purposes. 
Current EPA. reg'ulations allow and encourage joint municipal-
industrial treatment of water. In many cases economies of scale 
are realized by a joint treatment facility in operation and main-
tenance of the facility if not through the actual savings on construc-
tion costs. In most cases it is advantageous to industries to 
participate in joint activities because cost sharing construction 
grants are available from EPA and the states (in many areas) 
when a public agency is involved. 
Some types of industries have effluent characteristics that 
upset the operation of treatment systems which utilize biological 
treatments systems. Pretreatment requirements are in order 
for these industries so that the system l s effectiveness will not 
be impaired and untreated effluent will not be f1 pas sed throughtl 
the system. Industries are required to reimburse public agencies 
for the costs of treating industrially generated waste water. 
Municipalities and other levels of local government. As in 
the case for State Water Pollution Control Agencies, the larger 
municipalities in the CRB have had decades of experience in 
water pollution control activities. Sewers were mandated in 
the past whenever the density of population became so high that 
septic tanks overflowed too often. Raw sewage in open drains 
caused a real and obvious public health problem which could be 
solved in the short run by emplacing sewers in the municipality 
in order to carry human and industrial wastes to a convenient 
body of water where it was" properly diluted." In many cases, 
this only shifted the odiferous public health problem to the river 
or lake front. The next necessary step to protect the public 
health was construction of a treatment plant. Many of the regions 
sewers and early treatment plants date from the New Deal pro-
grams of the Public Works Administration and other federal and 
state activities to stimulate the economy by providing jobs in the 
19301 s. 
The present programs of federal categorical grants to 
communities for the construction of waste treatment plants date s 
from the Federal Water Pollution Control A.ct of 1956. The burden 
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of waste treatment, however, was almost all on the communitie s 
be caus e of the insignificant amount of feder al funds i nvol veda 
For example, congres sional appropriations were still only 
$214,000,000 for fiscal year 1969 (slightly over one dollar per 
capita for the nation). The appropriation for fiscal year 1974 
was $3 billion. The present scope of this program for federal 
categorical grants for construction in the CRB states for FY 73 
and 74 are shown in Table 11- 84. 
Although federal grants have been important in helping 
communities to upgrade their waste water treatment plants, the 
greater financial burden is still on municipalities and other 
units of local governments for this program. In addition, the 
long term operation and maintenance of the plants will be handled 
by the local units of government. The importance and cost of 
their role cannot be overemphasized since reaching the objectives 
of PL 92-500 depend on the efficiency of these plants. 
Increasingly, the responsibility for constructing and operating 
waste water treatment plants is shifting to regional units of govern-
ments (special districts) and to planning agencies such as Councils 
of Governments. A.s the regional water quality planning process 
mandated by Section 208 of PL 92-500 is set into motion, this 
trend will no doubt increase. A.s pollution is an area-wide problem, 
its elimination will take area-wide cooperation, and in many cases 
an area-wide entity will be charged with its elimination. 
SUPPLEMENTAL BACKGROUND INFORMATION 
Applicability of PL 92- 500 to Water Quality Problems in the CRB 
Problems of pollution sources. The general thrust of PL 
92-500 is control of sources of pollution. Specific provisions of 
the Act that are applicable to pollution from municipal, indus-
trial, agricultural, and naturally occuring sources are discussed in 
the following sections. 
Municipal water quality problems .. The Act covers gener-
ally the municipal water quality problems of the Colorado River 
Basin. It authorizes grants for waste treatment research, develop-
ment (Section 105), and training (Section 109). It encourages 
waste management planning and authorizes grants (75 percent 
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federal subsidy) for the construction of publicly owned treatment 
works (Sections 201-207). The national allocation formula appor-
tions 10. 9 percent of the grant monies to the seven basin states 
(Congressional Record No. 912, October 7, 1962), but the degree 
to which those funds are applied within the CRB has not been 
determined to date. The area-wide waste treatment planning 
requirements of the Act apply to the CRB states (Section 208), 
although the CRB states have not yet designated the planning areas 
or management agencies to implement the Act. 
Publicly owned waste treatment facilities are point sources 
which came within the effluent limitation and permit procedure s 
of the Act. By July 1, 1977, 1'1 effluent limitations based upon 
secondary treatment as defined by the (EPA) Administrator (Section 
301 (b) (1) (B)) are required to be achieved. Dis'charges of indus-
trial and new- source pollutants into treatment works are subjected, 
under the Act, to pretreatment standards (Section 307(b)). Per-
formance under the conditions of a discharge permit is reviewed 
through self-monitoring reports and agency inspections (Section 
308). 
Industrial point-source discharges within the CRB are also 
subject to effluent limitations and permits. Effluent limitations for 
point sources "which shall require the application of the best practica-
ble control technology currently available as defined by the (EPA) 
Administrator f! are to be achieved by July 1, 1977 (Section 301 (b) (1) 
(A)). Where discharges are made into publicly owned treatment works, 
effluent limitations containing pretreatment requirements must be 
achieved by the same date (Section 301 (b) (1) (A.)). By July 1, 1983, 
effluent limitations are to be set on basis of the rtbest available tech-
nologyeconomically achievable (Section 301 (b) (2) (A)). The 
monitoring provisions of the Act, referred to above, apply equally 
well to industrial sour ce s. 
While salt concentration is a maj or problem for lower basin 
agricultural uses, only the people-made point sources of salinity are 
regulated by PL 92- 500. A. rtpoint- source f1 to include \'lany discern-
ible, confined, and discrete conveyance, including but not limited to 
any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, 
etc.rt (Section 502 (14)) 
The effluent limitations and permit procedures ofPL 92- 500 
apply to human activity and do not address natural sources of 
pollution. The Salinity Control Act of 1974 (P. A. 93- 320), discussed 
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elsewhere, in contrast, does authorize (1) the constructim of 
projects to control, among other things, the Crystal Geyser and 
the Las Vegas Wash groundwater, and (2) the planning of projects 
to control specified salt springs and diffuse runoff collected in 
certain tributaries (Section 202 and 203, PL 93- 320, Act of June 24, 
1974, 88 Stat. 266). 
P L 92- 500 does authorize research relative to nonpoint 
pollution (see Section 105 (b) and 304 (e)), but the focus of EPA 
programming in this area seems to be upon people-made, not 
natur aI, sour ce s of pollution. 
Problems arising on public lands. Federal and State- owned 
lands compose approximately 64 percent of the land area of the 
CRB. In addition, some 8 Indian reservations total approximately 
17 percent of the basin land (Upper and Lower Colorado River 
Framework Studies. Appendix VI). rt Reservedfl water rights 
are attached to much of the federal and Indian reserved land. 10 
The existence of these baseline public and Indian property rights 
poses some issues. Does PL 92-500 apply to public lands, Indian 
reservations and waters covered by reserved water rights? Based 
on current developments in the law, the following opinions and 
analyses are offered: 
1. PL 92-500 applies generally to the waters of the Color-
ado River drainage area in the United States. 
2. PL 92- 500 applies to State and federal land, activities 
and facilities, and also to waters covered by federal 
reserved water rights. EPA is reserving permit 
jurisdiction over federal activities. 
3. PL 92- 500 applies to Indian tribes, reservations and 
reserved water rights in the CRB. EPA is reserving 
permit jurisdiction over Indian tribes. 
These opinions follow from analysis summarized below. 
10Fot a general description and review of reserved water 
rights, see National Water Commision, Water Policies for the Future 
(1973), at4S9-470 (Chapter 13, rtFederal-State Jurisdiction in the 
Law of Watersrt) and 473-483 (Chapter 14, flIndian Water Rightsfl). 
396 
Under PL 92-500 the objective of eliminating the discharge 
of pollutants is a tI national goal extending to navigable waters 
(Section 101 (a) (1)). The mainstream of the Color.do is n.vigable 
as a legal matter (see Arizona v. California, 283 U. S. 423 (1931), 
and Arizona v. California, 373 U. S. 546, 603 (1963)), as are its 
tributaries which affect its navigable capacity. 11 Also, narrative 
(non- numeric) in- stream standards for ambient receiving water 
(If water quality standardsrr ) existed for the interstate and intra-
state surface waters within the CRB before PL 92-500, as a 
result of the Water Quality Act of 1965. 12 Those standards, 
except as revised, continue to cover the Colorado River system 
under PL 92-500 (Sections 303 and 304). No direct legal precedent 
is known at this time which would exclude stretches of surface 
water on federal reserved lands and Indian reservations from 
existing and planned water quality standards. 
The Act encompas se s State and federal lands through two 
provisions: 
(1) Area wide and basin planning. Public lands are not 
expressly exempted from areas subject to area wide waste treat-
ment planning under PL 92-500,13 and thus both federally owned 
IISee e. g., Oklahoma ex reI. Phillips v. Guy F. Atkinson 
Co., 313 U.S. 508 (1941); Zener, lIThe Federal Law of Water 
Pollution Control, fr in Federal Environmental Law (Dolgin and 
Guilbert eds., 1974) 687-693; also, Robie, "State Viewpoint: (The 
Federal Water Pollution Control A.ct and the States: Love in 
Bloom or Marriage on the Rocks) It 7 Natural Resources Lawyer 
321-32 (Spring 1974). 
12pL 89-234, 86, 79 Stat. 903 (1965). BEach standard gen-
erally consisted of three parts: 1) a designation of uses for 
rr 
particular portions of the bodie s of water; 2) a set of criteria 
applicable to each use; and 3) a schedule of implementation. 
Zener, t't The Federal Law of Water Pollution Control, rt in 
Federal Environmental Law (Dolgin and Guilbert eds., 1974) 716. 
13Section 308 (a) provides for the designation of each area with-
in each state which, !'tas a re suIt of urban-industrial concentrations 
or other factors, has substantial water quality control problems,1f 
in order to facilitate area-wide waste treatment planning. 
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and state owned lands appear to quality for inclusion in such 
plans. Public lands are also implicitly subject to Level B basin 
planning, under the Water Resources Planning Act of 1965, 
which is perpetuated by PL 92- 500 (Section 209). 
(2) Effluent limitations and discharge permits. To control 
and phase out the discharge of pollutants, PL 92-500 requires that 
all point- source discharges are covered by NPDES permits (Sec-
tion 402) containing n effluent limitations
'
! (Section 301). The pro-
hibition against discharging pollutants without a permit extends 
to ltany person!l (Section 301 (a)) and ftpersonrt is defined as 11 an 
individual, corporation, partnership, association, State, munici-
pality, commission, or political subdivision of a State or any 
interstate body.11 (Section 502 (5)) 
Although the federal government is not expressly included 
in the definition of \'I per s on, It another pr ovi sion state s: 
Each department, agency, or instrumentality of the execu-
tive, legislative, and judicial branches of the Federal 
Government (1) having jurisdiction over any pr operty or 
facility, or (2) engaged in any activity resulting, or which 
may result, in the discharge or runoff of pollutants shall 
comply with feder aI, State, inter state, and local require-
ments respecting control and abatement of pollution to 
the same extent that any ;per son is subject to such require-
ments ••• (Section 313 [emphasis added]) 
Presidential exemptions may be granted, however, where the 
!!paramount interest of the United Statesll so requires. 
While PL 92-500 appears clearly to cover State and federal 
lands, EPA is retaining NPDES jurisdiction over federal activities 
rather than delegating that phase of the program to States. 14 
The States of California and Washington are currently contesting 
this EPA policy of excluding from the States permit jurisdiction 
over federal activities and a court ruling can be expected ultimately 
14 
40 CFR S125. 2(b): ft Such [S402(b) permit] programs do 
not cover agencies and instrumentalities of the federal government 
and Indian activities on Indian lands under the jurisdiction of the 
United State s.!'I 
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to resolve the issue (Dean Mann interview with EPA Regional 
Offices, Denver and San Francisco). 
Problems arising on Indian reservations. An Indian tribe 
is treated as a municipality under PL 92-500 15 and a municipality, 
in turn, is regarded as a person, 16 which means, among other 
things, that the Indian tribes are intended to be subject to the 
effluent limitation and permit system. The EPA is retaining 
NPDES jurisdiction over n Indian acti vitie s on Indian lands 
under the jurisdiction of the United States.1't (See Footnote 3.) 
In a more general vein, the is sue of whether, and to what 
extent, State and federal environmental controls apply to Indian 
reservations is complex and can be expected to be subjected to 
ongoing litigation. The United States Supreme Court has stated 
that rt Indian tribes are unique aggregations pas ses sing attributes 
of sovereignty over both their member s and their territory 
(United States Vo Mazuire, 43 USLW 4174, 4178 (January 21, 1975)), 
and as "a separate people't have It the power of regulating their 
internal and social relations ••• (United States v. Kagma, 118 
U.S. 375, 381-382 (1896)). 
In the case of Norvell v. Sangre de Cristo Development Co. , 
372 F. Supp. 348 (D. NoM., 1974), the Court held that the New 
Mexico Water Quality Act applied to a non-Indian subdivision 
development on Indian lands. The Court reasoned that the 
state law did not infringe It upon the right of the Indians to make 
their own laws and be ruled by theml1 (372 F .. Supp. 348, at 354); 
moreover, federal water quality laws were not viewed as having 
pre-empted the state water quality laws in this instance (372 F. 
Supp. 348; at 357). The case is now on appeal to an appellate 
court. 
In the end, the authority of Congress to regulate commerce 
with the Indian tribes (Art. I, 58, U. S. Constitution), as well as 
15Subsection 502(4) includes II an Indian tribe or an author-
ized Indian tribal organizationrt in the definition of IT municipality. It 
16 . SubsectIon 502(5) states, in part, that,fipersonrt means 
II municipality. 1'1' 
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inter state commerce, will probably be found to be sufficient to 
impose reasonable restrictions on tribes to obtain and enhance 
water quality, but the degree to which state controls will be 
permitted is open to que stion. 
Problems outside the purview of PL 92- 500. As already 
noted above, PL 92- 500 does not provide direct controls or reme-
dial solutions for diffuse natural sources. It also appears that the 
atmospheric transmission of pollutants, such as heavy metals, 
is not adequately covered by the Act, although it is subject to 
federal and State regulation under the Air Quality Act. 
It is presently a matter of dispute whether the discharge of 
pollutants into dry washes is a discharge subject to the effluent 
limitations and permit procedures of PL 92-500. Pending the 
outcome of industrial- source litigation on this is sue, indications 
are that the EPA is not pressing to place dry-wash discharges 
of return flows under permit (Dean Mann interview with EPA 
Regional Offices, Denver and San Francisco). 
The eRB is underlain at numerous locations with groundwater. 
Although many of the aquifer s remain undeveloped and are not 
currently subject to pollution by injection or percolation, other s 
are being degraded in quality. A.1though the EPA is authorized 
generally under PL 92- 500 to 11 prepare or develop comprehensive 
programs for preventing, reducing, or eliminating the pollution 
of the navigable waters and groundwaters and improving the sani-
tary condition of surface and underground waters'! (Section 102 (a) 
[emphasis added]), the thrust of the Act is toward surface water 
quali ty. The water quality standards, effluent limitations and per-
mit procedures of the Act, for example, are not being applied 
to gr oundwater. 
Since the 1983 goal of PL 92- 500 encourage s the contain-
ment, rather than discharge, of pollutants, and containment, in 
turn, can promote the percolation of pollutants into groundwater, 
it is pos sible that the regulatory s cherne for surface water may 
cause or aggravate groundwater pollution. 
The EPA. is char ged, however, with publishing information, 
among other things, on the Itfactos necessary to restore and main-
tain the chemical, physical, and biological integrity of all 
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groundwatersl.1(Section 304 (a) (2) (A)) and, further, on the "pro-
cesses, procedures, and methods to control pollution resulting 
from ••• the disposal of pollutants in wills or in subsur face 
excavations ••• salt water intrusion re suIting from reductions 
of fresh water flow from any cause, including extration of ground 
water ••• (Section 304 (e) (2)). 
Brief Description of Federal Agencies with 
Water Quality Related Responsibilities 
A large number of federal agencies have responsibility for 
aspects of water quality in the Colorado River Basin. The Com-
prehensive Framework Studies of the Upper and Lower Colorado 
River Region (June 1971) contains an excellent description of the 
agencies involved in maintaining and improving water quality 
of the river. This section contains a brief updated description 
of the activities of these agencies; those interested in more detail 
should consult the Framework Studies. 
Department of Agriculture 
Economic Research Service. Provides economic analysis of 
effects of alternative water resource use as related to 
agriculture. 
Forest Service. Manages the National Forest and National 
Gras slands resources under a multiple use concept. 
Soil Conservation Service. Provides technical and financial 
as sistance for planning and programming to improve 
water and related land resources in small watersheds 
and provides water forecasting from snow surveys. 
Agricultural Research Service. Performs research to 
effectively utilize the productive capacity of soil and water 
resources including the operation of research laboratory 
on salinity .. 
Extension Services. Provides staff (in cooperation with 
Land Grant Universities and county governments) with 
technical and organizational expertise to carry-out an 
educational program to explain how to apply new and 
improved technology to increase agricultural efficiency. 
Agricultural Stabilization and Conservation Service. Carries 
out the Rural Environment As sistance Programs (REAP) 
which provide s funds to carry out on- farm conservation 
and environmental improvement projects. 
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Farmer s Home Administration. Provides loans and g~ants 
for Rural Environment As sistance Program (REAP) 
which provide s funds to carry out on- far m conservation 
and environmental improvement projects. 
Economic Research Service. Performs studies of economic 
utilization of water resources and other studies relating 
to the formulation of comprehensive river basin plans 
and programs. 
Department of Commerce 
National Oceanic and Atmospheric Administration. Per forms 
numerous water quality related functions. 
Economic Development Administration. Provides long 
range economic development and programming for the 
Four Corners Area, an area with persistent un- and 
under- employment. 
Office of Business Economics. Provides data and analysis 
on the economic aspects of water resources development. 
Bureau of the Census. Provides population and economic 
data needed for analysis of resource useo 
Bureau of Domestic Commerce. Analyzes and reports 
information on industrial water use, provide s liaison 
between government and industry on water resources 
matters, and prepares industrial water assessments 
and forecasts on a national and regional basis .. 
Department of Defense 
U. S. Army Corps of Engineers. Responsible for con-
structing and improving harbors, dredging navigable 
streams and maintaining navigable channels, planning 
and constructing flood control and multiple-purpose 
projects, controlling hydraulic-mining debris, adminis-
tering laws pertaining to protection and preservation of 
navigable water s, pr oviding wor k for shore pr ote ction 
and prevention of beach erosion, fighting floods and mak-
ing emer gency repair s, and making inve stigations and 
engineering reports on stream basins, harbor s, and 
shoreline s. 
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Department of Health, Education, and Welfare 
Public Health Service. Concerned with health-related 
aspects of the basin's water resources. 
Department of Housing and Dr ban Development 
Provides financial resources for the planning and develop-
ment of community water supplies,' sewage collection 
systems, and land use planning which is becoming increas-
ingly important as a tool for control on non- source 
point pollution. 
Department of the Interior 
Fish and Wildlife Service. Concerned with water quality 
as it affects the wildlife of the basin. 
Geological survey. Determines the source, quantity, 
quality, distribution, movement, and availability of 
both surface and groundwaters. 
Bureau of Indian Affair s. Active in water quality as it 
impacts or is impacted by Indian tribes. 
Bureau of Land Management. A.dministers the national 
public lands under a multiple use philosophy which 
maximizes the national benefits obtainable from avail-
able land and water resources. 
Bureau of Mines. Concerned, as a by-product of mineral 
activities, with impounding, returning, and recycling 
and storing water. 
Bureau of Outdoor Recreation. Responsible for promoting 
coordination and development of effective programs re-
lating to outdoor recreation (water quality aspects of the 
ri ver are of primary importance to numerous recreation 
acti vitie s) ~ 
National Park Service. Promotes and regulates the use of 
National Parks, Monuments, and other reservations, 
including their water resources. 
Bureau of Reclamation. Responsible for transforming arid 
and semiarid lands into productive farms through irri-
gation; regulating the transmission, sale, and exchange 
of electric power generated at Bureau Projects; providing 
water for municipal and industrial purposes on a repay-
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ment basis; managing the Colorado River Basin Water 
Quality Improvement Program. 
Office of Water Resources and Technology. Administers 
the national program of water resources research and 
training, providing for promotion and support of research 
programs and training in the study of water supply and 
of resources which affect water. 
Department of State 
Negotiates international agreements over water quality and 
quantity with Mexico. 
Environmental Protection Agency 
Responsible for administration of PL 92- 500 in the Colorado 
River Basin through three regional offices, financing of 
waste water treatment facilities and various aspects of 
envir onmental re search. 
Federal Energy Agency 
Formulates and administer s national energy policy, including 
the use of water utilized in cooling of fos sil fuel fired 
electrical generating plants, oil shale extraction, and 
coal gasification. 
Energy Research and Development A.dministration 
Charged with formulating and implementing a comprehen-
si ve national ener gy re sear ch pr ogram including water 
development and water pollution aspects of the national 
energy research program. 
Federal Power Commis sion 
Responsible for is suing and administering permits and 
license s for the planning, construction, and oper ation 
of non-federal water power projects on lands and water s 
subject to federal jurisdiction; studying plans of proposed 
water resource projects to be constructed by the Depart-
ment of the Army, the Department of the Interior, or 
404 
other federal agencies; and making recommendations 
concerning the installation of penstocks and similar facil-
ities for the development of hydroelectric power. 
Water Resources Council 
A cabinet-level council responsible for maintaining a con-
tinuing study and assessment of (1) the adequacy of sup-
plies of water neces sary to meet the water requirements 
in each water resource region in the United States, (2) 
the relation of regional or river basin plans and programs 
to the requirements of larger regions of the nation, and 
(3) administrative and statutory means for the coordina-
tion of the water and related land resources policies and 
programs of the federal agencie s. 
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SECTION III 
IMPACT OF PL 92-500 ON MUNICIPAL AND 
INDUSTRIAL POLLUTION SOURCES 
CHAPTER 1 
METHODOLOGY FOR IMPACT ANALYSIS 
PROCEDURE FOR THE DESCRIPTION 
OF POLLUTION SOURCES IN THE 
COLORADO RIVER BASIN 
Intr oduction 
The findings, summary, and conclusions re suIting from the 
description of municipal, community, and industrial point sources 
in the Colorado River Basin is presented in PAR T ONE, Section 
III. In this portion of the report, methodology and detailed analysis 
for arriving at those findings are described. 
Inventory Methodology 
The information used to compile the inventory of municipal, 
industrial, and commercial point sources was obtained from the 
NPDES file system of the Environmental Protection Agency (EPA) 
Regional Offices having responsibility for sections of the Colorado 
River Basin. These EPA Regional Offices are located in Denver, 
Colorado; San Francisco, California; and Dallas, Texas. The 
Denver Office contained information for the states of Utah, Wyom-
ing, and Colorado. The San Francisco Office furnished informa-
tion for the states of Nevada, Arizona, and California. The Dallas 
Office furnished data on New Mexico. Member s of the study made 
at least one per sonal visit to each regional office to secure copie s 
of the necessary NPDES Permit and NPDES A.pplication forms 
which identified the point sources in the basin. The se visits were 
conducted during April 1975, and therefore, applications received 
or permits is sued after this time are not included in the inven-
tory. Also, several files of various sources were not available 
in the regional offices due to administrative functions or judicial 
proceedings. A.n attempt was made to secure those files, but 
only in a few instances were these files available. However, it 
is believed that at least 98 percent of all point sources within 
the basin are contained in the inventory. 
For purposes of the inventory all agricultural point sources 
except those for irrigation return flow were clas sified as industrial 
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sources. The irrigation return flow sources are not included in 
the inventory, but are described in the salinity section of this 
report. Clas sification of municipal and commercial source s 
was made in accordance with designations established by the 
various EPA Regional Office s. 
The complete inventory appears in PART FOUR, Appendix 
III-A. The inventory contains the following information on muni-
cipal point sources: State, county, city, plant name, NPDES 
number, 1970 population, current population served, average 
daily flow, design flow, current level of treatment, receiving 
stream name, and flow characteristics. The commercial inven-
tory contains the following information: State, county, city, plant 
name, NPDES number, current population served, current 
level of treatment, average daily flow, design flow, receiving 
stream name and flow characterisitics. The industrial inventory 
contains the following information: State, county, city, plant 
name, company name, NPDES number, SIC code, principal 
product, production level, current level of treatment, average 
flow, receiving stream name, and flow characteristics. 
The 1970 population figures for the municipal inventory 
were obtained from either the NPDES Permit Application, U. S. 
Dept. of Health, Education, and Welfare, 1970; Halsey, 1973, 
or Collier, 1973. The SIC Code for each industry was obtained 
from the NPDES Permit Application or Office of Management and 
Budget, 1972. The streamflow characteristics for each point 
discharge are the minimum, maximum, and average flow of record 
obtained from the U. S. Department of the Interior, 1973a, 1973b, 
1971a, 1971b, 1968, 1966, and 1964. 
Mun icipal and Commercial BOD Loadings 
Municipal and commercial BOD loadings for the 1970 base-
line were determined by identifying the level of treatment associated 
with each effluent. BOD loadings were assigned to each source 
based on the average daily flow and the level of treatment employedo 
Raw waste was assumed to have a BOD of 250 mg/l, primary 
treatment 150 mg/l, secondary treatment 30 mg/l, and lagoons 
50 mg/I. These values were then summed for each source in a 
given water resource subarea (WRS area). 
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Changes in loadings due to population growth and energy 
development were apportioned linearly for each source based on 
the growth projections developed for the alternative futures spec-
ified for the study. Projected changes in effluent BOD concentra-
tions were as sumed to confor m with the secondary effluent stand-
ard of P L 92- 500 (i. e., 30 mg /1 BOD, 30 mg /1 S. S.). The only 
source upon which a stricter standard was enforced was the 
Clark County Sanitation District, Clark County, Nevada, because 
the Las Veg as Wash is a water quality limited segment. The num-
ber of water quality limited segments of streams in the basin 
have not been well defined at this point in time. Therefore, the 
basis for all analyses are the 1977 BPT and 1983 BAT require-
ments of P L 92- 500. The" Theoretical Alternativetl as defined 
by the National Water Quality Commission is: For bodies of 
water for which allocation of water quality segments are not 
will developed, it is as sumed that industrie s will achieve 11 be st 
practicable technology' and the municipalities secondary treatment. 
This definition as sumes achievement of BPT and secondary treat-
ment in 1977. 
METHODOLOGY FOR A.NA.LYSIS OF 
MUNICIPAL AND INDUSTRIAL 
DISCHARGE CONTROL 
Projected Water Quality Chang~ 
and Environmental Effects 
The size of the Colorado River Basin prohibits the use of a 
model to determine changes in water quality associated with con-
trol of point discharges. Therefore, the estimated increase in 
stream BOD associated with each discharge was computed using 
an as sumed effluent BOD concentration for each type of treat-
ment and comparing that to the minimum flow of record as sociated 
with that point in the receiving stream. All discharges were 
assumed to have an effluent BOD concentration of 100 mg/l. 
Therefore; the evaluation of the in ... stream BOD concentration is 
very conservative. 
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ECONOMIC COSTS, BENEFITS, 
AND SOCIAL IMPACTS 
Analysis of Total Treatment Costs 
The economic costs of municipal and industrial discharge 
control represent a gross approximation of the real situation. Time 
did not permit detailed cost estimate s; however, it is felt that the 
data .E!_esented are within the order of magnitude of the real costs. 
From the inventory information abstracted from the NPDES Appli-
cations and Permits, an evaluation was made to determine if 
additional facilities were required to satisfy PL 92- SOO. Based 
on engineering judgment, a II theoretical" treatment plant was 
specified from the inventory data and a cost determined from 
studies provided by the National Water Quality Commission (Met-
calf and Eddy, Inc., 1975; Battell Memorial Institute, Columbus, 
1975; Lancy Laboratories, 1975; Catalytic, Inc., 1975a, 1975b; 
Environmental A.ssociates, Inc., 1975). Steam electric power 
generating plants were omitted from the analysis because cost 
data were not available from the commission. Costs for animal 
feedlot waste treatment were based on EPA, 1974. Increase in 
cost due to population growth and energy development were extra-
polated linearly for all areas within the basin based on information 
developed under the alternative futures for the study. 
Treatment works and costs for 1977 are considered to be 
increments to existing facilities. Treatment works and costs for 
1983 are considered to be increments to the 1977 facilities. 
Treatment work and cost for 1985 are as sumed to be the same 
as 1983 since elimination of discharge costs were not available 
from the c ommis sion. Treatment works and costs for the year 
2000 are increments beyond the 1983 facilities. 
A.n effort was made to verify the reliability of the above 
method for determining costs. Each community with a population 
greater than S, 000 people was contacted by telephone and inter-
viewed as to their actual plans and anticipated costs of complying 
with PL 92- sao. Sixteen communitie s were able to provide infor-
mation which could be compared to the data from the National 
Commission on Water Quality (NCWQ). In this limited sample, 
the total actual costs projected by these communities was over 
three times greater than the costs estimated from N.CWQ datao 
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This discrepency is due in part to the fact that figures gen-
erated from NCWQ are based on 1974 dollars whereas the estimates 
by communities are based on costs at the projected time of con-
struction (1976 or 1977). Also many of these communities were 
designing for future growth and expansion. In addition, several 
of the plants were including treatnlent for areas not currently 
sewered. 
Analysis of Treatment 
Plant Financi ng 
The cost of financing treatment facilities for a community 
was calculated for the target years 1977, 1983-85, and 2000 under 
conditions of low and most likely energy development. These 
costs were summed for each water resource subarea. The cost 
of meeting 1977 standards was taken as a base cost. Costs of 
meeting 1983 and 1985 requirements were incr emental to 1977 
costs, so the total investment is the sum of 1977, 1983, and 
2000 costs. Costs beyond 1983 are indicative of increasing popu-
lations, rather than more stringent quality standards. 
Construction costs were then used to calculate the bonding 
which would be required to finance construction. The service 
debt as sumed to be the re suIt of the sale of 20 year bonds paying 
6 1/2 percent interest (about the average 1974 bonding rate for 
smaller communities in the Intermountain West) is $91. DO/thousand. 
It would be expected that small communi tie s with lar ge construc-
tion costs would be higher-risk investments so that bonds for 
those communities would be relatively .more costly. At 7 1/2 
percent, the service debt is $98.00/ thousand. 
By multiplying the service debt by the required investment 
(in thousands of dollar s), the total annual cost of financing con-
struction for each level of treatment was calculated. The total 
annual cost divided by the projected population for the water 
resource subarea for the year in which the sta.ndards would be 
fully implemented, gives the annual per capita cost tabulated in 
Tables III-41, 42, and 43 of this section. In order that a per-
spective can be obtained, the following hypothetical case is 
included. A.s sume a service debt per capita of $5. DO/year. For 
a fami! y of four, the annual co s t would be $ 20. 00. A hous e valued 
at $20,000, or an assessed value of $5,000 (higher than the aver-
age for the basin), would require a levy of 4 mils /thousand. Such 
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a mil levy is quite feasible. For example, with a total family in-
come of about $12, ODD, this would be about 2/10 of a percent of 
gross income. For the same assumptions, a per capita cost of 
$15 would result in a levy of 12 mils and a 1/2 of 1 percent reduc-
tion in gross annual income. This levy would be considerably 
more difficult to pas s in a local election. Furthermore, many 
localities have reached legal bonded indebtedness (maximum mill 
levy) already. 
While no separate community calculations are included in 
the tables because population projections and treatment costs are 
exceedingly inaccurate for localities, data indicate that large 
communities (above 2, 000) should have relatively low per capita 
costs (less than $2. 00) while small communities (less than 500) 
may have as much as $120 per capita costs. In almost every case 
which was examined, small communities had much higher costs 
than large communities. In addition, per capita incomes projected 
for smaller communities are generally substantially lower than 
for lar ger one s, so that a significantly heavier burden is placed 
on smaller communities. Federal participation in construction 
could ease the impact considerably. Maximum federal contribu-
tions are 75 percent of the cost, so that most communities would 
have a relatively low cost per capita (probably less than $5.00) 
with federal participation. Smaller communities would require 
maximum federal participation, and even then the per capita cost 
would be very high (about 25 mils /thousand or as much as 2 per-
cent of gross income for an average family). 
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CHAPTER 2 
ANALYSIS OF IMPACT OF PL 92-500 ON 
MUNICIPAL A.ND INDUSTRIA.L POLLUTION SOURCES 
DETAILED DESCRIPTION OF 
POIN T DISCHARGES 
Intr oduction 
Point dischargers in the Colorado River Basin have been 
clas sified as either municipal, industrial, or commer cial. The 
.municipal discharger group is composed primarily of publicly 
owned wastewater treatment facilities. This group also includes 
a few privately owned wastewater treatment plants. The indus-
trial group includes all types of industrial development, construction, 
mining, manufacturing, and all agricultural discharges except 
those as sociated with irrigation return flow. Irrigation return 
flow discharges were discussed in PA.R T TWO, Section II. The 
commercial group is composed of small businesses, schools, 
re cr eational facilitie s, and a few light industrie s. 
The Colorado River Basin is included in three separate 
Environmental Protection Agency (EPA.) regions and encompasses 
parts or all of seven states. To compile an inventory of point 
discharges in the basin, it was necessary to research the NPDES 
file of each of three EPA Regional Offices. Information concerning 
the nature and extent of point discharges in this section of the 
report was obtained from their file s. 
Scope and Limitations 
The information presented in this section was obtained from 
the Regional EPA Office associated with the Colorado River Basin 
and through per sonal conver sations with state and local govern-
ment officials. Supporting information was abstracted from state 
water pollution control plans funded under Sections 208 and 303 of 
PL 92-500. No attempt was made to make firsthand observations 
or evaluations. Therefore, the accuracy of the information pre-
sented is limited by the current (A.pril, 1975) data. 
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Municipal Discharges 
Based on the NPDES files of the Regional EPA Offices 
located in Denver, Colorado, San Francisco, California, and 
Dallas, Texas, an inventory of municipal point discharges was 
compiled. The majority of the inventory data was abstracted 
from NPDES permit applications; however, supporting informa-
tion was obtained from NPDES permits in those cases where per-
mits have been issued. A. complete inventory is contained in 
PA.R T FOUR, Appendix III-A. The inventory includes the name, 
location, NPDES number, population served, average flow, 
design flow, current type of treatment, receiving stream, and 
flow characteristics of the receiving stream. 
A summary of the municipal point discharges is reported 
in Tables 111-1 and III- 2. A total of 182 municipal point discharges 
were identified within the Colorado River Basin. Approximately 
two-thirds of these, or 120, are located in the Upper Basin, with 
64 municipal point discharges located in the Lower Basin. The 
largest number of discharges was found in water resource sub-
area 1405 which is located in the Upper Basin (Table III-I). The 
smallest number of plants was found in subarea 1808. However, 
subarea 1808 is not entirely contained within the boundaries of 
the Colorado River Basin. 
As pointed out in the demographic description of the Color-
ado River Basin, most communities have populations of less than 
10,000 people. This fact is clearly pointed out in comparison of 
the average daily flow from each of the municipal point discharges 
in the basin. Over 46 percent of the communities have flows of 
less than 0.099 million gallons per day (MGD). In addition, 85 
percent of the plants have flows less than 0.99 MGD. Only three 
plants have flows greater than 5. 0 MGD. The plants having flows 
greater than 5. 0 MGD are located in Clark County, Nevada 
(Clark County Sanitation District), Phoenix, Arizona (Phoenix 
Water and Sewer Department), and Tucson, Arizona (Metropolitan 
Utilities Management Agency). 
The inventory indicated that only four plants in the Upper 
Basin and one plant in the Lower Basin were discharging raw waste-
water to surface waters (Tables III-I, 111-2). There are several 
plants which percolate raw wastewater; however, no information 
was available to determine if groundwaters were being polluted. 
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Table III-I. SUITlITlary of ITlunicipal point discharges in the Upper Colorado River Basin. 
Water Resources Subarea 
Descriptive IteITl 1401 1402 1403 1405 1406 1407 1408 Total 
1. Total NUITlber of Plants 19 8 19 36 12 16 9 119 
2. Plant Size 
a. 0-0.099 MGD 11 3 9 14 10 6 7 60 
b. 0-. 10-0.99 MGD 5 5 6 19 2 7 2 46 
c. 1.0-5.0 MGD 3 0 0 1 0 3 0 7 
d. over 5. 0 MGD 0 0 0 0 0 0 0 0 
e. unknown 0 0 4 2 0 0 0 6 
3. Current Level of TreatITlent 
a. none 1 0 3 0 0 0 0 4 
~ 
f-I 
b. priITlary 2 0 2 3 2 0 0 9 
(Xl c. secondary (excluding 
lagoons) 5 2 3 21 6 9 3 49 
d. advanced 0 1 0 2 0 0 0 3 
e. lagoons (including total 
containment) 8 5 8 8 2 7 4 42 
f. no discharge (i. e., total 
containment) 4 0 5 3 0 1 5 18 
g. unknown 3 0 7 2 2 0 2 16 
4. Number of discharges re-
quiring additional facilities 
(new plants & upgrading exist-
ing plants) to satisfy PL 92 -500 7 3 8 21 8 11 6 64 
Table 111-2. Summary of municipal point dis charges in the Lower Colorado River Basin. 
Water Resources Subarea 
Descriptive Item 1501 1502 1503 1504 1505 1506 1808 Total 
1. Total Number of Plants 14 11 4 13 17 3 1 63 
2. Plant Size 
a. 0-0.099 MGD 7 4 1 4 8 1 1 26 
b. O. 10 -0. 99 MGD 4 5 3 6 5 1 0 24 
c. 1.0 -5.0 MGD 1 1 0 2 3 1 0 8 
d. over 5. 0 MGD 0 1 0 1 1 0 0 3 
e. unknown 2 0 0 0 0 0 0 2 
3. Current Level of Treatment 
~ a. none 0 0 0 0 1 0 1 
~ 
--.0 b. primary 2 3 2 4 1 0 0 12 
c. secondary (excluding 
lagoons) 4 6 1 4 9 1 0 26 
d. advanced 1 0 0 0 2 0 0 3 
e. lagoons (including total 
containment) 5 2 1 6 3 1 0 18 
f. no discharge (i. e., total 
containment) 3 2 1 3 1 1 0 11 
g. unknown 1 0 0 1 0 0 1 3 
4. Number of dis charges reqUIrIng 
additional facilities (new plants 
& upgrading existing plants) to 
satisfy PL 92-500 7 5 3 8 3 2 1 29 
Nine plants in the Upper Basin and twelve plants in the Lower 
Basin were employing only primary treatment of wastewaters. 
The majority of plants (over 40 percent, 49 in the Upper Basin 
and 26 in the Lower Basin, presently have a form of secondary 
treatment (Table IIl-3). However, this does not mean that all of 
these secondary plants are currently satisfying the secondary 
effluent requirements of PL 92- 500. 
A total of six plants in the entire basin reported that they 
were employing 11 advanced" methods to treat their wastewater 
(Table III-3). In all cases, the flow of these plants was less than 
L 0 MGD. It is doubtful that this "advancedl1 treatment corres-
ponds to tertiary treatment. A. third of the municipalities within 
the basin employ lagoons or waste stabilization ponds as a method 
of waste treatment (see Tables III-I, III-2, and 111-3). This 
method of treatment is especially suited to rural areas and small 
communities. Total containment lagoons or evaporation lagoons 
are employed by 18 municipalities in the Upper Basin and 11 
municipalities in the Lower Basin. 
The inventor y indicated that at least fifty per cent of the 
municipal waste treatment plants in the Colorado River Basin will 
require some form of capital expenditure to satisfy the requirements 
of PL 92-500. The majority of the plants requiring additional 
facilitie s are considered to be 11 effluent limited' ; however, all 
plants located in the I' water quality limitedll segments within the 
basin will require major upgrading. 
Commercial Discharges 
The inventory of commercial point discharges was taken 
from NPDES permit applications; however, supporting information 
was obtained from NPDES permits. The complete inventory is 
contained in PAR T Four, Appendix III-B. The inventory 
includes the location, name, NPDES number, population served, 
average daily flow, design flow, current level of treatment, re-
ceiving stream name and the receiving stream flow characteris-
tics. A summary of the commercial inventory is presented in 
Tables 111-4, III-5, and 111-6. 
A. total of 47 commercial point discharges were identified 
in the Upper Basin and 20 commercial discharges in the Lower 
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Table III- 3. Distribution of municipal point discharges in the 
Colorado River Basin. 
Upper Lower Total Total 
IteITl Basin Basin Basin NUITlber 
(0/0) (%) (%) in Basin 
1. Total Number of 
Plants 65.4 34.6 100.0 182 
2. Plant Size 
a. 0-0.009 MGD 32.9 14.4 47.3 86 
b. o. 099 -0. 99 MGD 25.3 13.2 38.5 70 
c. 1. 0-5.0 MGD 3. 8 4.4 8.2 15 
d. over 5. 0 MGD 0.0 1.6 1. 6 3 
e. unknown 3. 3 1.1 4.4 8 
3. Current Level of 
T reatrrlent 
a. none 2.2 < 0.5 2.2 5 
b. prirrlary 4.8 6. 5 11.3 21 
c. secondary 26. 3 14.0 40.3 75 
(excluding lagoons) 
d. advanced 1.6 1.6 3.2 6 
e. lagoons (including 23.7 9. 7 33.4 62 
total containITlent) 
L no di s cha r g e (i. e. , 10. 8 5.9 16. 7 31 
total containment) 
g. unknown 9. 1 1. 6 10.7 20 
4. I'JuITlber of discharges 34.4 15. 6 50.0 93 
requiring additional 
facilities (new plants & 
upgrading existing plants) 
to satisfy PL 92 -500 
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Table llI-4. Summary of commercial point discharges in the Upper Colorado River Basin. 
Water Resources Subarea 
De s c ripti ve Item 1401 1402 1403 1405 1406 1407 1408 Total 
I. Total Number of Discharges 7 2 1 5 3 29 47 
~ 
2. Plant Size 'r-! rJ) 
0-0.099 MGD 6 2 0 4 1 28 cI1 41 a. ,..0 
b. 0" 10 -0.99 MGD 1 0 0 0 1 1 Q) 3 
,.Q 
c. 1.0 -5. 0 MGD 0 0 1 0 1 0 +l 2 
d. unknown 0 0 0 1 0 0 ~ 1 .r-! 
,.Q 
+l 
3. Current Level of Treatment 
.r-! 
~ 
a. none 0 0 0 0 0 2 rJ) 2 
Q) 
b. primary 0 0 0 0 0 1 b1) 1 
H 
H:>- c. secondary 1 1 0 3 1 9 cI1 15 ,.Q 
N d. lagoons (including total u N rJ) 
containment) 6 0 0 2 0 11 .r-! 19 
'"d 
e. no discharge (L e., total ...--I 
cI1 
containment) 6 0 0 0 0 3 .r-! 9 u 
fe unknown 0 1 1 0 2 6 H 10 Q) 
4. Number of plants requiring S S 
additional facilities to satisfy 0 u 
PL 92 -500 1 2 0 2 2 22 0 29 
Z 
5. Number of discharges without 
sufficient information to 
determine additional facility 
needs 0 0 1 0 1 0 2 
Table III- S • Summary of commercial point discharges in the Lower Colorado -River Basin. 
Water Resources Subarea 
Descriptive Item IS01 IS02 IS03 IS04 IS0S IS06 1808 Total 
1. Total Nu"m.ber of Discharges 14 1 4 1 20 
~ ~ ~ 2. Plant Size .~ .~ .~ (J) (J) (J) 
a. 0-0.99 MGD 13 1 cd cd 4 cd 1 19 ,..Q ,..Q ,..Q 
b. 0.10-0.99 MGD 1 0 Q) Q) 0 Q) 0 1 
1. O-S. 0 MGD 0 0 
,..q ,..q 
0 
,..q 
0 0 c. -I-l -I-l -I-l 
d. unknown 0 0 ~ ~ 0 ~ 0 0 .~ .~ .~ 
,..q ,..q ,..q 
-I-l -I-l -I-l 
3. Current Level of Treatment .~ .~ .~ ~ ~ ~ 
a. none 0 0 (J) (J) 0 (J) 1 1 
.b. primary 1 0 Q) Q) 0 Q) 0 1 b..O b..O b..O 
secondary 1 0 ~ ~ 1 ~ 0 2 c. cd cd cd H::.. d. lagoon (including total ,..q ,..q ,..q N U U U 
w 
containment) 11 0 (J) (J) 1 (J) 0 12 .~ .~ .~ 
'"0 ro '"0 
e. no discharge (i. e., total 
..-! ..-! ..-! 
containment) 1 0 cd cd 1 cd 0 2 .~ .~ .~ u u () 
f. unknown 1 1 ~ ~ 2 ~ 0 4 Q) Q) Q) 
4. Number of plants requlrlng ~ ~ S S 
additional facilities to satisfy 0 0 0 
PL 92 -SOO 13 0 
() () 
2 
() 
1 16 0 0 0 
S. Number of discharges without Z Z Z 
sufficient information to de-
termine additional facility needs 0 0 0 0 0 
Table 111- 6. Distribution of commercial point discharges in the 
Colorado River Basin. 
Upper Lower Total Total 
Item Basin Basin Basin Number 
(%) (%) (%) in Basin 
l. Total Number 29. 9 70. 1 100 66 
2. Plant Size 
a. 0-0.99 MGD 28.3 61. 1 89. 5 60 
b. OG 10-0.99 MGD 1.5 4.5 6. 0 4 
c. L 0-5. 0 MGD 0.0 3. 0 3.0 2 
d. unknown 0.0 1.5 1.5 1 
3. Current Level of 
Treatment 
a. none 1.5 3.0 4.5 3 
bo primary 1.5 1. 5 3. 0 2 
c. secondary 3.0 22.4 25.4 17 
d. lagoons (includ- 17.9 28.4 40.3 31 
ing total 
conta inrnent) 
e. no di s cha r g e (L e. , 3.0 13.4 16. 4 11 
total containment) 
£. unknown 6.0 14.9 20.9 14 
4. Number of plants re- 23.9 43.3 67.2 45 
q uiring additional 
facilities to satisfy 
PL 92-500 
5 .. Number of dis- 0 0 a 2 
cha r ge s without suf-
ficient information to 
determine additional 
facility ne ed s 
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Basin for a total of 67 commercial point discharges in the entire 
basin (Table 111-4). Four water resources subareas do not con-
tain any commercial point discharges. Subarea 1407 accounts 
for over 43 percent of the toal commercial discharge in the 
Colorado River Basin. The majority of these discharges are 
boarding schools and mobile home p~rks. In the Lower Basin, 
subarea 1501 contains 14 commercial discharges or over 20 
percent of the Colorado River Basin total. These discharges are 
made up primarily of boarding schools and mobile home parks. 
In general, these are located in small rural communities and 
often are connected with Indian reservations. 
In general, the commercial point discharges are relatively 
small. Table III- 6 indicates that approximately 90 percent of the 
commercial discharges have an average daily flow of less than 0.1 
MGD. Only three plants have average daily flows of between O. 1 
MGD and o. 99 MGD while only one plant has a flow of greater than 
1.0 MGD. Table 1II-6 also indicates that only three commercial 
dischar ges have no wastewater treatment. The majority of the 
commercial discharges currently employ secondary waste treat-
ment or total wastewater containment. Thirty-one percent of the 
discharges employ lagoons or waste stabilization ponds as a 
means of treating wastewaters. Of those employing lagoons, 14 
percent are total containment lagoons and, therefore, have no 
discharge. 
It is estimated that over 67 percent or 45 commercial 
point discharges will require either new wastewater treatment 
facilities or upgrading of existing facilities to satisfy the require-
ments of PL 92-500. Most of these additional facilities will be 
converted or modified to lagoon systems and will be required by 
1977. Construction of facilities after 1977 will be caused by normal 
growth and not by increasing effluent standards. 
Industrial Dis char ge s 
Industrial point discharge data was abstracted from. NPDES 
permit applications; however, supporting information was obtained 
from NPDES permits. The complete inventory is contained in 
PAR T FOUR, Appendix III-C. The inventory includes the location, 
plant name, company name, NPDES number, SIC code, principal 
product, production level, current type of wastewater treatment, 
average daily flow, receiving streams, and receiving stream flow 
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characteristics. A summary of the industrial inventory is 
reported in Table s IIl-7, 111- 8, and llI- 9. 
The inventory located a total of 130 industrial point dis-
chargers in the entire Colorado River Basin with 7 of these dis-
chargers located in the Upper Basin and 59 located in the Lower 
Basin. These numbers do not include those industries which are 
connected to a publicly owned wastewater collection and treatment 
system. In the Upper Basin, subarea 1405 has the largest number 
of dischargers with 21 sources identified. In the Lower Basin, 
subarea 1505 has the greatest number of industrial dischargers 
with 27 source s identified. The inventory identified all electrical 
power generating facilitie s within the ba sin, but they were not 
counted as part of the totals shown in the tables. Electrical power 
generating facilities were excluded (by direction of the National 
Water Quality Commission staff) because the NCWQ study on 
electrical power generating facilities had not been completed. 
This accounts for the lack of industrial point dischargers in 
subarea 1408. 
The data in Table Ill- 9 indicated that approximately 34 per-
cent of the industrial dischargers have an average daily flow of 
less than 0.099 MGD and that approximately 24 percent have an 
average flow of less than o. 99 MGD. Thus over half of the indus-
trial point dischargers have an average daily flow of less than 
0.99 MGD. Only 13 industrial dischargers have average daily 
flows greater than 1. 0 MGD. However, there were 41 (31 percent) 
of the industrial dischargers for which information was unavail-
able to determine the average daily flow. 
A.verage daily flow does not accurately reflect the magnitude 
of industrial discharges in many instances. Often industries will 
di schar ge a relatively small quantity of wastewater; however, that 
small quantity may contain a highly concentrated pollutant. In 
general, this does not appear to be the case in the Colorado River 
Basin. Although there are a few isolated, concentrated industrial 
waste streams, most industrial dischargers have some form of 
wastewater treatment or total containment. Most large industrial 
discharges result from groundwater seepage into mining operations. 
These wastewaters often contain high concentrations of dis solved 
solids, but in general do not contain high concentrations of toxic 
substances. 
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Table III-7. Description of industrial point discharges in the Upper Colorado River Basin. 
Descriptive Ite:m 1401 
1. Total Nu:mber of Discharges 9 
2. Average Daily Flow 
Distribution 
a. O. a -0. 099 MGD 2 
b. 0.10-0.99 MGD 5 
c. 1.0-5.0MGD a 
d. over 5. a MGD a 
e. unknown 2 
..p.. 
::i 3. Esti:mated nu:mber of dis-
charges requiring additional 
facilities to satisfy PL-92 -500 5 
4. Nu:mber of discharges without 
sufficient infor:mation to deter-
:mine additional facility needs 1 
1402 
14 
8 
5 
1 
a 
a 
6 
1 
Water Resources Subarea 
1403 
10 
6 
3 
1 
a 
a 
7 
1 
1405 
21 
13 
5 
3 
a 
a 
7 
a 
1406 
8 
3 
3 
a 
a 
2 
1 
a 
1407 
9 
3 
2 
2 
a 
2 
3 
a 
1408 
en 
Q) 
0.0 
1-1 !=l 
cU .,-f 
,.r:: en 
u cU 
en,...o 
.,-f Q) 
'"O,.r:: 
~ ~ 
.,-f !=l 
o .,-f 
o..r£i 
......t .,-f 
cU ~ 
.,-f 
1-1'"0 
~ Q) 
en ~ ~ cU 
'"0 u 
!=l 0 
.,-f ......t 
~ 
Total 
71 
35 
23 
7 
a 
6 
27 
3 
Table llI- 8. Description of industrial point discharges in the Lower Colorado River Basin. 
Water Resources Subbasins 
Des criptive Item 1501 1502 1503 1504 1505 1506 1808 Total 
1. Total Number of Discharges 4 4 2 15 27 6 1 59 
2. Average Daily Flow Distribution 
a. 0.0 -0.099 MGD 3 0 0 2 5 0 0 10 
b. O. 10 -0.99 MGD 0 3 0 1 3 1 0 8 
c. 1.0-5.0 MGD 1 1 0 1 2 0 0 5 
d. over 5.0 MGD 0 0 0 0 1 0 0 1 
e. unknown 0 0 2 11 16 5 1 35 
H::.-
N 3. Estimated number of discharges 00 
requiring additional facilities to 
satisfy PL 92-500 2 2 2 11 18 5 1 40 
4. Number of discharges without 
sufficient information to 
determine additional facility 
needs 1 1 0 0 5 0 0 7 
Table llI- 9. Summary of industrial point discharges in the 
Colorado River Basin. 
Upper Lower Total Total 
Item Basin Basin Basin Number 
(%) (0/0) ( %) in Basin 
1. Distribution of 
discharges 55. 3 44.7 100 130 
2. Average Daily Flow 
a. O. 0 -0.099 MGD 26. 9 7.7 34. 6 45 
b. 0.10-0.99 MGD 17.7 6.2 23.9 31 
c. 1. 0-5.0 MGD 5.4 3. 8 9.2 12 
d. over 5.0 MGD O. 0 o. 8 o. 8 1 
e. unknown 4. 6 26. 9 31.5 41 
3. Estimated nUlnber of 20.5 30. 3 50. 8 67 
discharges requiring 
additional facilitie s to 
satisfy PL 92 -500 
4. Number of discharges 2.3 5.3 7.6 10 
without sufficient in-
formation to determine 
additional facility needs 
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From the inventory, it is estimated that over 50 percent of 
the industrial dischargers in the basin will require additional 
facilitie s to satisfy the requirements of PL 92- 500. Information 
from only 10 industrial dischargers was insufficient to 
determine whether or not additional treatment facilities will be 
necessary to satisfy the requirements of PL 92-500 (Table III-9). 
The industrial dischargers are classified by the Standard 
Industrial Classification Code System (SIC Code) in Tables III-lO, 
III-II, and III-12. The industrial discharger s were placed in 
four broad categories, i. eo, mining, construction, manufacturing, 
and other. In addition, five rather specific SIC clas sifications 
were identified for those industrial groups which contained a 
large number of dischargers. These groups are agricultural 
production (i. e., animal feedlots), electrical services (i. e. , 
electric power generation), water supply, fish hatcheries, and 
sand and gravel. As shown in Tables III-IO, III-II, and III-I2, 
the majority of industrial activity is as sociated with mining (SIC 
10-14) and agricultural production (SIC 02). 
Mining dischargers account for 44 of the total industrial 
dischargers in the entire basin. Most of these mine discharges, 
resulting from groundwater seepage into the mine shafts and pits, 
contain a high suspended solids concentration and are currently 
being contained in settling ponds prior to dischar gee The other 
significant type of mine dischar ge results from overflows 
associated with tailing ponds. In general, these types of dis-
charges are the result of excessive surface runoff which 
enters a tailings pond during large storms or during spring run-
off. These overflow discharges may contain significant amounts 
of toxic substance s and high suspended solids loads. 
Agricultur al production (i. e., animal feedlots) account for 
35 industrial discharges in the total basin. Thirty-three of these 
are located in the Lo,ver Basin. All but two of these dischargers 
are related to either cattle feedlot or dairy operations. In general, 
the feedlot operator s do not have a continuous discharge. How-
ever, during periods of intense storms, lar ge quantitie s of surface 
runoff through open feed yards may result in significant pollution 
to receiving streams. 
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Table III- 10. Distribution of industrial discharges by standard industrial classification code 
in the Upper Colorado River Basin. 
Industrial Classification Water Resources Subareas 
Description SIC Total Code 1401 1402 1403 1405 1406 1407 1408 
Mining 10-14 2 9 7 8 3 2 31 
Construction 15-17 7 1 8 
Manufacturing 20-39 1 1 1 1 1 1 6 
Other 40-91 1 1 2 4 
~ Agricultural Production 02 1 1 2 
VJ (i. e., animal feedlots) f-O 
Electrical Services 4911 1 2 2 2 4 11 
(i. e., electrical power 
generation) 
Water Supply 4941 4 3 1 3 1 12 
Fish Hatcheries 092 1 1 1 3 
Sand and Gravel 144 1 4 1 2 8 
Table III- 11 @ Distribution of industrial di schar ger s by standard industrial clas sification code 
in the Lower Colorado River Basin .. 
Industrial Clas sification Water Resources Subareas SIC De scription Code 1501 1502 1503 1504 1505 1506 1808 Total 
Mining 10-14 4 1 2 6 13 
Construction 15 -17 
Manufacturing 20 -39 2 2 5 1 10 
Other 40 -91 1 1 2 
Agricultural Production 02 2 11 14 5 1 33 
~ 
w 
(i. e., aniInal feedlots) 
N 
Electrical Services (i. e. , 4911 1 2 1 1 5 
electric power generation) 
Wate r Supp1 y 0941 
Fish Hatcheries 092 1 3 4 
Sand and Gravel 144 1 1 
Table III-12. Summary of industrial discharges by standard 
industrial clas sification code. 
Industrial Clas sification 
Upper Lower Total SIC Colorado De scription Code Basin Basin River Basin 
Mining 10 -14 31 13 44 
Construction 15 -1 7 8 0 8 
Manufacturing 20 -39 6 10 16 
Other 40-91 4 2 6 
Agricultural Produc- 02 2 33 35 
tion(i.e., aniITlal 
feedlots) 
Electrical Services 4911 11 5 16 
(i. e. , electric powe r 
generator) 
Water Supply 4941 12 0 12 
Fish Hatcheries 092 3 4 7 
Sand and Gravel 144 8 1 9 
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Summary Description of Point Dischargers 
An overall basin summary of point discharger s identified 
by the inventory is shown in Table III- 13. A total of 379 point 
dischargers were identified by the inventory. Of those identified 
by the inventory 182 were municipal, 67 commercial, and 130 
were industrial dischargers. Exactly 50 percent of the dischargers 
have average daily flows of less than 0.099 MGD. Only 27 percent 
of the dischargers have average daily flows between O. 1 and 0.99 
MGD. 
Four dischargers have average daily flows of over 5.0 
MGD. A.pproximately 53 percent or 205 dischargers in the Color-
ado River Basin will require additional facilitie s to satisfy the 
requirements of P L 92- 500. There exists at least 51 additional 
dischargers which may require wastewater control facilities to 
comply with PL 92- 500; however, sufficient data were not avail-
able to determine whether or not these plants will require addi-
tional facilitie s. 
POLLUTION LOA.DS 
Calculation of the load for all pollutants as sociated with 
various levels of treatment under PL 92- 500 and for the alterna-
tive futures associated with energy development is not possible 
due to a lack of data. However, the effect of PL 92- 500 on the 
pollution load can be illustrated by calculation of the Biochemical 
Oxygen Demand (BOD) load discharged from municipal and com-
mercial point sources both with low and most likely energy devel-
opment. These futures are based on the projections shown in 
PAR T TWO, Section I, Chapter 3. 
The BOD loading for municipal and commercial sources in 
the Upper and Lower Basin is reported in Tables IIl-14 through 
III-17. Analysis of Tables 111-14 through 111-17 indicates that the 
1977 BP T levels of treatment will significantly reduce the BOD 
loadings in each water resource subarea and therefore reduce the 
load throughout the entire basin. This is especially illustrated in 
subarea 1504 in which a major municipal source currently employs 
primary treatment; however, this municipality will install secon-
dary treatment to satisfy 1977 PL 92- 500 standards. Thus, a sig-
nificant reduction in the BOD loading will result. 
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Table 111-13. Summary of point discharges in the Colorado 
River Basin. 
Number of Point Discharges 
Descriptive Item 
Municipal 
Conune rcial 
Industrial 
Total 
Average Daily Flow 
0.0-0.099 MGD 
0.10-0.99 MGD 
1.0 -5. 0 MGD 
over 5.0 MGD 
unknown 
Estimated number of plants 
requiring additional facilities 
to satisfy PL 92 -500 
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Upper 
Basin 
119 
47 
71 
237 
139 
72 
16 
0 
10 
120 
Lower Total 
Basin Basin 
63 182 
20 67 
59 130 
142 379 
55 194 
33 105 
13 29 
4 4 
37 47 
85 205 
~ 
w 
0' 
Table III-14. 
Water 
Resources 
Subarea 
1401 
1402 
1403 
1405 
1406 
1407 
1408 
Upper Basin 
Total Ibs. 
BOD/day 
Municipal BOD Loadings (in Ibs/day) for the Upper Colorado River Basin under 
the abatement scenarios and alternative futures. 
Energy Development Level 
1970 1977 1983 2000 
Low 
Most Low 
Most 
Low 
Most 
Baseline Likely Likely Likely 
2,260 2,000 2,220 2,020 2,780 2, 160 3,980 
940 610 640 590 1,590 570 3,480 
1,470 580 610 570 890 560 1,740 
3,500 3, 340 3,340 3,410 5,010 3,640 7,890 
770 280 280 280 280 280 340 
2,720 2,350 2,400 2,420 3,290 2,610 4,420 
100 100 100 100 180 90 380 
11,750 9,260 9., 590 9, 380 14,030 9,920 22,230 
Table III-IS. Municipal BOD loadings (in lbs / day) for the Lower Colorado River Basin under 
the abatement scenarios and alternative futures. 
Water 
Ener gy Development Level 
Resources 1970 1977 1983 2000 
Subarea Most Most Most 
Baseline Low 
Likely 
Low 
Likely Low Likely 
1501 1, 170 880 880 880 920 950 980 
1502 11, 100 6,600 6,600 6,750 6,770 10,680 10,700 
1503 500 200 200 190 190 180 180 
1504 33,670 7,730 7,730 14, 110 14, 110 26,990 26,990 
1505 17,710 24,510 24,510 27,890 27,910 36,420 39,360 
,.p.. 
w 1506 1,520 1,060 1,060 1, 140 1, 140 1, 360 1,360 
-...j 
1808 20 20 20 20 20 30 30 
Lower Basin 
Total lbs. 
BOD/day 65,680 41,010 41,010 50,980 51,060 76, 600 79,600 
Table III- 16 .. Commercial BOD loadings in Ibs/day for the Upper Colorado River Basin 
under the abatement scenarios and alternative futures .. 
Water Ener gy Development Level 
ResourceS 1970 1977 1983 2000 
Subarea Most Most Most Baseline Low Likely Low Likely Low Likely 
1401 12 12 14 12 17 13 20 
1402 5 4 4 4 10 3 20 
1403 0 0 0 0 0 0 0 
1405 38 30 30 30 40 30 70 
~ 
w 1406 2,210 2,210 2,210 2, 190 2, 190 2, 190 2,720 00 
1407 420 360 360 370 500 400 670 
1408 0 0 0 0 0 0 0 
Upper Basin 
Totallbs. 
BOD/day 2, 670 2, 610 2,620 2,600 2,760 2,630 3, 510 
Table III- 1 7 • Commercial BOD loadings in lbs /day for the Upper Colorado River Basin 
under the abatement scenarios and alternative futures. 
Water Ener gy Development Level 
Resources 1970 1977 1983 2000 
Subarea Most Most Most 
Baseline Low Likely Low Likely 
Low 
Likely 
lS01 140 80 80 80 90 90 90 
lS02 20 20 20 30 30 30 30 
lS03 0 0 0 0 0 0 0 
~ IS04 0 0 0 0 0 0 0 
tN 
'-.0 lS0S 30 30 30 30 30 50 80 
1506 0 0 0 0 0 0 0 
1808 4 
Lower Basin 
Total lbs. 
BODs/day 190 140 140 140 150 170 210 
Table III-18, summarizing the BOD loadings for the entire 
basin, indicates that the reduction in BOD loadings achieved under 
the 1977 BPT standard will not produce a lasting effect unles s 
further steps are taken. Population growth and ener gy develop-
ment will force the BOD loading to exceed the baseline 1970 con-
dition sometime between 1985 and 2000. This would sugge st that 
additional measures must be taken if changes in stream water 
quality are to be permanent. Although analysis of the BOD loads 
from industrial sources could not be performed, it is estimated 
that a similar pattern would re suIt. 
Table 111-18. Total BOD loading resulting from municipal and 
commercial point discharges in the Colorado River 
Basin, as suming no further controls beyond 1977. 
Year 
1970 
1977 
1983 
2000 
Baseline 
80,300 
Low 
Energy 
Development 
(pound s per day) 
53,020 
63, 110 
89,320 
PROJECTED WATER QUALITY CHANGES AND 
ENVIRONMENTAL EFFECTS DUE TO MUNIC-
IPA.L A.ND INDUSTRIAL DISCHARGE CONTROL 
General 
Most Like ly 
Energy 
Development 
53,360 
68,000 
105,550 
The scale and size of the Colorado River Basin and the 
large data requirements made it impossible to completely model 
or determine precisely changes in water quality due to point 
sour ce contr 01 thr oughout the entir e ba sin. However, a spe cific 
region of the basin was selected for intense environmental analy-
sis. The result of this study is presented in PAR T THREE of 
the report. This section will present a broad description of 
anticipated receiving stream water quality changes associated 
with the municipal, commercial, and industrial sources. This 
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is not intended to be a precise, conclusive analysis, but only an 
initial inve stigation to sugge st areas of potential impact of P L 
92-500., 
Receiving Str~am Water 
Quality Change s 
To place the anticipated receiving stream water quality 
changes in perspective it was assumed that each discharge was 
only achieving primary treatment and nothing more, thus pro-
viding a conservative estimate of changes in receiving stream 
water quality due to PL 92-500. With this assumption in mind, 
the expected increase in receiving stream biochemical oxygen 
demand (BOD) was calculated using the record low flow for each 
stream where sufficient information was available. It was felt 
that these results would be easily extrapolated for assessing 
increases in suspended solids and coliforms. The results, pre-
sented in Table 111-19, indicate that approximately one-third of 
the discharges would increase in- stream BOD concentration at 
least 1. 5 mgll if only primary treatment was provided. Under 
the same conditions approximately one-third of the discharges 
would not increase in-stream BOD more than 1.5 mgll and in 
approximately one-third of the cases studied sufficient information 
was not available to determine the impact on receiving stream 
water quality. 
Table III-19. Number of point sources having a significant effect 
of receiving stream water quality in the Colorado 
River Basin. 
Effects 
Expected increase in 
receiving stream BOD 
greater than 1.5 mg/l 
Expected increase in 
receiving stream BOD 
Ie s s than 1. 5 mg II 
Percent 
Mnicjp:tl Co~- 1 Industrial Total· of 
merCIa Total 
88 9 25 122 32.3 
55 30 35 122 32.3 
Insufficient infor mation 
for determination 37 28 68 133 35.2 
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From the above analysis it is evident that the achievement 
of either "best practicable technologY" or "best available technology," 
as defined by PL 92-500 will result in improved receiving stream 
water quality at approximately one-third of point discharger sites. 
In addition, at approximately one-third of the sites measurable 
changes in water quality will likely not be detected. The remain-
ing one-third of the sites will require further data collection and 
analysis before the impact on water quality can be assessed. The 
following is detailed breakdown of the data summarized in Table 
111- 19. 
The changes in receiving stream water quality as sociated 
with municipal point dischar gel's in the basin are identified in 
Tables III-20, 111-21, and 111-22. At approximately 48 percent 
of the municipal point discharge sites measurable change in 
receiving stream water quality will most likely occur. However, 
at approximately 31 percent of sites, water quality will probably 
not change significantly under the requirements of PL 92- 500. 
The changes in receiving stream water quality as sociated 
with commerical point dis char gel's in the basin are reported in 
Tables III-23, 111-24, and llI-25. Only at approximately 13 per-
cent of the sites will measurable changes in receiving stream 
water quality occur. At approximately 45 percent of the sites 
detectable changes in receiving stream water quality will probably 
not occur. This is due primarily to the fact that most commer-
cial point sources have an average daily flow of less than 0.1 
MGD. However, it should be pointed out that 42 percent of the 
discharge did not have sufficient data available to determine the 
change in receiving stream water quality_ 
A.nticipated changes in receiving stream water quality 
associated with industrial point discharges are shown in Tables 
111-26, 111- 27, and 111-28. These tables indicate that at approxi-
mately 20 percent of the industrial point discharge sites measure-
able changes in receiving stream water quality then will occur. However, 
this rtnalysis is based solely on BOD data. Industrial discharges 
often contain toxic pollutants which may have an additive effect 
on the environment. Thus, more data are needed before a clear 
and precise assessment of changes in receiving stream water 
quality due to control of industrial point sources under PL 92-500 
can be made. 
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Table 111- 20. Estimated effect on basin water quality due to municipal discharge in the 
Upper Colorado River Basin under minimum stream flow conditions. 
Water Resources Subarea 
Effect 1401 1402 1403 1405 1406 1407 1408 Total 
Number of Sources 
Expected increase in receIvIng 
stream BOD greater than 1.5 
mg/1 8 3 7 17 4 10 1 50 
Expected increase in recelVlng 
stream BOD less than 1.5 
H::>-
mg/l 5 5 9 12 5 3 7 46 H::>-
v.> 
Insufficient information for 
determination 6 0 1 7 4 3 1 22 
Total number of plants in 
subbasin 19 8 17 36 13 16 9 118 
Table 111- 21. Estimated effect on basin water quality due to municipal discharges in the 
Lower Colorado River Basin under minilnum stream flow conditions. 
Water Resources Subarea 
Effect 1501 1502 1503 1504 1505 1506 1808 Total 
Number of Sources 
Expected increase in receiving 
strea-m BOD greater than 1. 5 
mg/l 7 6 3 10 9 2 1 38 
Expected increase in recelvlng 
~ stream BOD less than 1.5 mg/l 3 2 1 1 1 1 0 9 ~ 
~ 
Insufficient information for 
determination 5 1 0 2 7 0 0 15 
Total number of plants in 
subbasin 15 9 4 13 17 3 1 62 
fi::>. 
H::>-
U1 
Table III-22. Summary of effect on basin water quality due to municipal discharges in the 
Colorado River Basin under minimum stream flow conditions. 
Colorado River Basin 
Effect Total Upper Total Lower Colorado River Colo rado River Total Colorado 
Basin Basin River Basin 
Number of Sources 
Expected increase in receiving 50 38 88 
stream BOD greater than 
1.5 rng/l 
Expected increase in receiving 46 9 55 
stream BOD less than 1.5 
mg/l 
Insufficient information for 22 15 37 
determination 
Total num.ber of plants in subbasin 118 62 180 
~ 
~ 
0"-
Table 111-23. Summary of effect on basin water quality due to commercial discharges in the 
Colorado River Basin under minimum stream flow conditions. 
Colorado River Basin 
Effect Total Upper Total Lower Total Colo rado Colorado River Colorado River 
River Basin 
Basin Basin 
Number of Sources 
Expected increase in receIvIng 5 4 9 
stream BOD greater than 1.5 
mg/l (i. e. , dilution < 100: 1) 
Expected increase in receiving 27 3 30 
stream BOD less than 1. 5 
mg/l (i. e. , dilution> 100: 1) 
Insufficient iniorma tion fo r 15 13 28 
determ.ination 
Total nUITlber of plants in subbasin 47 20 67 
Table III- 24. Estimated effect on basin water quality due to commercial sources in the Upper 
Colorado River Basin under minimum stream flow conditions. 
--
Water Resources Subarea 
Effect 1401 1402 1403 1405 1406 1407 Total 
Num.ber of Sources 
Expected increase in receiving 
stream BOD greater than 1. 5 
mg/l 0 0 1 0 0 4 5 
Expected increase in receIvIng 
,.p. stream BOD less than 1. 5 m.g/l 6 1 0 2 1 17 27 
,.p. 
-.J 
Insufficient info rm.ation for 
dete rm.ination 1 1 0 3 2 8 15 
Total number of plants in 
subbasin 7 2 1 5 3 29 47 
, 
Table III-25 .. Estimated effect on basin water quality due to commercial discharges in the 
Lower Colorado River Basin under minimum stream flow conditions. 
Water Resources Subarea 
Effect 1501 1502 1503 1504 1505 1506 1808 Total 
Number of Sources 
Expected increase in receiving 
stream BOD greater than 1. 5 
mg/l (i. e., dilution < 100: 1) 3 1 0 0 0 0 0 4 
~ Expected inc rease in receiving 
~ stream BOD les s than 1. 5 00 
mg II (i. e., dilution> 100: 1) 1 0 0 0 1 0 1 3 
Insufficient information for 
determination 10 0 0 0 3 0 0 13 
Total number of plants in 
subbasin 14 1 0 0 4 0 1 20 
H::.-
H::.-
'-.0 
Table III-26. Summary of effect on basin water quality due to industrial discharges in the 
Colorado River Basin under minimum stream flow conditions. 
Colorado River Basin 
Effect Total Upper Total Lower Total Colorado Colorado River Colorado River 
River Basin Basin Basin 
Number of Sources 
Expected increase in receiving 14 11 25 
stream BOD greater than 1. 5 
ITlg/1 (i. e., dilution < 100: 1) 
Expected increase in receiving 27 8 35 
stream BOD les s than 1. 5 
mg/l (i. e., dilution> 100: 1) 
InterITlittent dischargers 1 33 34 
Insufficient information for 26 8 34 
determination 
Total number of plants in subbasin 68 60 128 
H::.. 
U1 
0 
IIjt 
Table llI- 27.. E stilnated effect on basin water quality due to industrial dis char ge s in the Upper 
Colorado River Basin under minimum stream flow conditions. 
Water Resources Subarea 
Effect 1401 1402 1403 1405 1406 1407 1408 Total 
Expected increase in recieving 
stream. BOD greater than 1. 5 
rng/l 1 1 4 1 3 4 0 14 
Expected increase in receiving 
stream BOD less than 1. 5 m.g/l 5 4 1 12 2 3 0 27 
Intermittent dischargers 1 1 
Ins ufficient info rmation 
for determination 2 8 5 7 2 2 0 26 
Total number of plants in 
subbasin 8 13 10 20 8 9 0 68 
", 
Table 111- 28. Estimated effect on basin water quality due to industrial discharges in the 
Lower Colorado River Basin under minimum stream flow conditions. 
Water Resources Subarea 
Effect 1501 1502 1503 1504 1505 1506 1808 Total 
NUTIlber of Sources 
Expected increase in receiving 
streaTIl BOD greater than 1. 5 
TIlg/l (i. e., dilution < 100: 1) 0 3 0 1 5 2 0 11 
Expected increase in receiving 
~ streaTIl BOD les s than 1. 5 Ul 
I-' TIlg/1 (i. e., dilution> 100: 1) 0 1 0 3 4 0 0 8 
InterTIlittent dis chargers 0 0 2 11 14 5 1 33 
Insufficient information 
for determination 4 0 0 0 4 0 0 8 
Total nUTIlber of plants in 
subbasin 4 4 2 15 27 7 1 60 
Summary of Impact on Receiving 
Stream Water Quality 
The magnitude of the Colorado River Basin prohibits the 
precise evaluation in changes of receiving stream water quality 
due to control of point discharges under PL 92-500. In general, 
at least one-third of the point discharge sites in the Colorado 
River Basin will experience a measurable change in receiving 
stream water quality under PL 92- 500. Approximately one-
third of the sites will probably not experience any measurable 
change in receiving stream water quality. 
ANALYSIS OF CAPITAL 
COSTS AND IMPACTS 
General 
Costs for the various levels of treatment were compiled 
from information supplied by the Nation Commission on Water 
Quality. Operation and maintenance costs were available for 
selected industries, but were not available for municipal and com-
mercial point dischargers. The costs presented represent the 
best estimate available with a limited amount of data. Information 
was not available to separate costs into treatment plants and inter-
ceptor sewer s. 
The State of Utah will impose a stricter effluent standard 
in 1980 than that required under PL 92-500; however, the additional 
co st for treatment plants re suIting from Utah's stricter effluent 
standard will not be markedly different from those associated 
with PL 92- 500. Additional treatment costs under Utah's stricter 
standards were not calculated due to the limits of accuracy 
as sociated with the data used to estimate overall treatment plant 
costs. 
Municipal Costs 
The toal capital costs for each water resource subarea are 
reported in Table III-29 and III- 30. Costs were calculated for the 
years 1977, 1983 (1985), and the year 2000, projecting growth 
as sociated with low and most likely levels of energy development 
scenarios for the basino Capital costs in general are relatively 
small for each subarea, except for subareas 1502 and 1504. 
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Table 111- 29. 
Water 
Resources 
Subarea 
1401 
1402 
1403 
1405 
1406 
1407 
1408 
Summary of total incremental costs for municipal discharger s in the Upper 
Colorado River Basin to satisfy PL 92-500. (a) 
1977 1983(b) 2000 
Energy Develo~ment Level ,Ener gy Development Level r-- Ener gy Development Level 
Most 
High Most High Most High Lik~ly Likely Likely 
(Thous and Dollar s) 
1, 880 1,880 0 2,900 0 5,780 
1,340 1,340 0 2,250 0 4,800 
3,080 3,080 0 3,280 0 5, 330 
8,025 8,025 0 9,440 4, 340 20,440 
2, 120 2.,,120 0 0 0 850 
790 790 0 4,540 1, 960 4,890 
500 500 0 1,445 0 1,775 
{a)Capital costs are for the interval between the years. They represent the investment to meet 
the increasingly stringent standards and the area growth in each period. 
(b)It was assumed that the discharge requirements for municipal discharges in 1985 would 
coincide with the requirements for 1983; therefore no additional costs would be incurred. 
~ 
U1 
~ 
Table 111-30. Surrunary of incremental capital costs for rnunicipal discharges in the Lower 
Colorado River Basin to satisfy PL 92 -500. (a) 
Water 1977 1983(a) 2000 
Resource Energy Development Level Energy Developrnent Level Energy Developrnent Level 
Subarea Most Likely High Most Likely High Most Likely High 
(Thousand Dollars) 
1501 1,894 0 0 0 1,067 
1502 81,210 12,030 12,030 14,060 14,060 
1503 1, 130 0 0 0 0 
1504 44,780 34, 640 34,640 22,510 22,510 
1505 432 17, 680 17,680 44,840 80,730 
1506 1,900 80 80 710 710 
1808 0 0 0 0 0 
(a)Frorn Table 3 -9. 
The projected costs in subarea 1502 are high due to the construc-
tion of the regional advance d wastewater treatment plant for the 
Clark County Sanitation District which discharges into Las Vegas 
Wash. The Las Vegas Wash is a water quality limited stream 
and has very stringent water quality standards. 
The costs in water resource subarea 1504 are relatively 
high due to the large metropolitan areas of Phoenix, Arizona, 
and Tucson, Arizona (Pima County Sanitation Districts). These 
are high growth areas and among the largest dischargers in the 
Colorado River Region. It should be noted, though, that these 
areas would not discharge into the Colorado River itself. 
As shownin Tables 111-29 and III-30, energy development 
will result in a tremendous increase in capital costs to treat 
municipal point discharges. The per capita costs are especially 
high in the Upper Colorado River Basin. However, much of the 
cost will not occur until 1983-85 or 2000. 
The cost associated with municipal dischargers for 1977 
(for low energy development) on an individual plant basis and on 
a cost per per son basis are reported in Table s 111- 31 and III- 32. 
In the Upper Basin costs per plant are relatively small. This is 
due to the small nature of most Upper Basin communities. How-
ever, because populations are often small, the cost per person 
is substantial in many instances. For example, in subbasin 1406 
the maximum cost per person is estimated at $1, 600. In the 
Lower Basin maximum cost per person is also relatively high. 
It varys from $133.36 to $3,800.00 per person. Costs for 1977 
with energy development were assumed to be the same as 1977 
costs without energy development. This is due to the fact that 
most energy development will not occur until after 1977. 
The costs associated with municipal discharges for 1983 
(1985) and the year 2000 for low and most likely ener gy develop-
ment on a cost per plant basis, and a cost per person basis, are 
summarized in Table s III- 33 and III- 34. These tables indicate 
that energy development will substantially increase municipal 
costs, but that because, on an increased population base, the 
cost per person will be reduced in may instances. 
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Table 111- 3 L Cornparison of the 1977 capital costs for municipal dischargers in the 
Upper Colorado River Basin for low energy developmentG 
Water Resources Subarea 
Item 
1401 1402 1403 1405 1406 1407 1408 Total 
3 Total cost ($ x 10 ) 1, 880 1,340 3,080 6, 380 2, 120 790 500 16,090 
Maximum cost per 
plant ($ x 10 3 ) 650 650 800 1,600 800 300 270 
Minimum cost per 
plant requiring 
additions ($ x 10 3) 40 50 120 10 40 30 30 
.Average total cost 
340 (a) per per son ($) 365 125 235 360 200 140 
~ Maximum cost per U1 
1 140(a) 1 600 0' person ($) 1, 795 250 460 365 195 , , 
Minimum cost per 
65 (a) person requiring 20 20 85 95 95 85 
additions ($) 
Number of plants 
requiring additions 12 5 9 14 8 5 3 
Plants with unknown 
additional tr eatment 
requirements 1 
(a)Data unavailable for one plant. 
Table Ill- 32. Comparison of the 1977 capital costs for municipal dischargers in the Lower 
Colorado River Basin for low energy development. 
Item 
Water Resources Subarea 
1501 1502 1503 1504 1505 1506 Total 
Total cost ($ x 10 3 ) 1,890 81,210 1, 130 44,780 432 1,900 131,350 
Maximum cost per 
plant ($ x 10 3) 780 80,000 530 38,000 240 1,500 
Minimum cost per 
plant requiring 
additions ($ x 10 3 ) 60 40 230 150 70 40 
Average total cost 
~ per per son ($) 160 1,060 185 205 110 90 
U1 
--J Maximum cost per 
person ($) 255 3,800 300 450 160 130 
Minimum cost per 
person requiring 
additions ($) 20 185 100 105 70 50 
Number of plants 
requiring additions 7 5 3 8 3 2 
~ 
U1 
00 
Table 111- 3 3" Comparison of the 1983 (1985)a capital costs for municipal discharges in 
the Upper Colorado River Basi n for most likely energy development. b 
Water Resources Subarea 
Parameter 
1401 1402 1403 1405 1406 1407 1408 
3 Total cost ($ x 10 ) 2,900 2,250 3,280 9,440 2, 120 4, 540 1, 450 
Maximum co st per 
plant ($ x 10 3 ) 670 1,200 650 1, 100 800 1, 300 460 
Minimum cost per 
plant requiring 
additions ($ x 10 3) 
Aver age co st per 
person ($) 
40 
120 
50 90 
30 130 
40 40 70 25 
250 36) 95 95 
Maximum cost 
per per son ($) 290 95 350 1, 130 1, 600 300 175 
Minimum cost 
per per son ($) 
Number of plants 
requiring additions 
40 30 
13 4 
10 40 95 20 
13 17 8 9 
a 1t was assumed that the discharge requirelnents for rn.unicipal dischargers in 1985 
would coincide with the requirements for 1983; therefore, no additional costs would be 
incurred; also the titheoretical H alternative was assurn.ed for BAT. 
bLow energy development for 1983 is the sarn.e as 1977 (see Table IIl-31). 
25 
5 
~ 
Ul 
-..0 
Table llI- 34. Comparison of the 1983 (1985)a capital costs for municipal discharges 
in the Lower Colorado River Basin for most likely energy development. b 
Parameter 
Total cost ($ x 10 3 ) 
Maximum cost per 
plant ($ x 10 3 ) 
Minimum cost per 
plant requiring 
additions ($ x 10 3) 
A.verage cost per 
person ($) 
Maximum cost per 
person ($) 
Minimum cost per 
person ($) 
Number of plants 
requiring additions 
1501 
1,890 
780 
60 
160 
255 
20 
7 
1502 
12,030 
11,000 
70 
115 
330 
15 
o 
Water Resources Subarea 
1503 1504 1505 1506 
1, 130 34,640 17,680 80 
530 32,000 13,000 80 
230 100 90 80 
185 65 185 140 
300 125 740 140 
100 20 10 140 
3 7 10 1 
1808 
o 
o 
o 
o 
o 
o 
o 
a 1t was assumed that the discharge requirements for municipal dischargers in 1985 
would coincide with the requirements for 1983; therefore, no additional costs would be 
incurred; also the "theoretical" alternative was assumed for BAT. 
bLow energy development and most likely energy development are essentially the 
sam.e in the Lower Basin for 1983. 
Table IlI-35 is a summary of the capital costs for control 
on IYlunicipal point discharges in the Upper Basin, the Lower Basin, 
and the total basin. The costs represent the total, maximum cost 
per plant, IYliniIYluIYl cost per plant which requires additional 
facilities and themaxiIYlUIYl and ITlinirnuITl cost per person for each 
of the treatITlent levels (1. e., BPT and BA T) and for the alternative 
futures both low and IYlost likely rate of energy development through 
the year 1985. The total Colorado River Basin co st for control of 
ITlunicipal point discharges in 1977 is estiIYlated to be 147.44 ITlil-
lion dollars. 
It was assumed for IYlunicipal discharges not located on 
water quality limited stream segments, that the 1983 and 1985 
standards would be essentially the same (1. e., secondary treat ... 
ment). Therefore, the added cost to control ITlunicipal point dis-
charges in 1983 and 1985 are primarily a result of growth and not 
increased effluent control requirements. The estimated capital 
cost of reaching the 1983 -85 levels at a low rate of energy devel-
opITlent is an additional 83. 54 million dollars beyond the 1977 
co sts. It is anticipated that ener gy development will inc rea se 
this cost to 93.45 ITlillion dollars. 
Capital costs for control of municipal point sources in the 
year 2000 with a low rate of energy developITlent will require an 
additional 100.36 million dollars beyond the 1983-85 levels. With 
most likely energy development this cost will increase to 162.94 
million dollars (see Table III-40). 
CornITlercial Co sts 
Capital costs for control of commercial point sources under 
the requireIYlents of PL 92 - 500 are sUITlmarized in Table s III-36 
and III-37 for 1977. The total capital cost for control of COITlITler-
cial discharges in the Upper Basin is estiIYlated to be 2.08 ITlillion 
dollars and O. 925ITlillion dollars in the Lower Basin. Although 
these total costs are relatively sITlall, they often place a substan-
tial burden on the owners of cOITl'ITlercial operations. A large 
nurnber of these discharges in the Colorado River Basin are recrea-
tional type caIYlps, trailer parks, and mobile hOITle units. Costs 
per plant for these sources range between 10,000 to 30,000 dollars. 
For a recreational caIYlp site, this cost could exceed the total cost 
of the remainder of the facility. 
460 
H::-
0--
..... 
Table III- 35. Summary of the municipal capital costs for 1977, and the additional 
costs for 1983, and 1985(a) in the Colorado River Region. 
-
Geographic area 
Upper Colorado Lower Colorado Total Region 
1977 1983- 85 1977 1983-85 1977 1983-85 
Energy Level Energy Level Energy Level Energy Level Energy Level Energy Level 
Costs Units 
Most 
High 
Most 
High 
Most 
High 
Most 
High 
Most 
High 
Most 
High 
Likely Likely Likely Likely Likely Likely 
Total cost for $1,000 16,090 16,090 16,090 25,980 131,350 131,350 67,450 67,450 147,440 147,440 83,54G 93.450 
all areas 
Maximum cost 
per plant(b) 
1,000 1,600 1,600 1,600 1,300 90,000 80,000 32,000 32,000 80,000 80,000 32,000 32,000 
1-1inimum cost per 1,000 10 10 10 250 60 60 730 730 10 10 10 250 
plant requiring 
additions(c) 
Maximum cost 1600.00 1600.00 1600.001131.11 3800.00 3800.00 739.81 739.81 3800.00 3800.00 1600.00 1131. 11 
per person 
Minimum cost 18.87 18.87 18.87 11. 54 20.00 20.00 11. 61 11. 61 18.87 18.87 11. 61 11.54 
per person 
--- ---
- - - --- -- - - - - -
(a)It was assumed that the requirements for municipal dischargers for 1985 would coincide with secondary treatment achieved in 1983; therefore 
no additional cost would result 
(b)Applies to some areas that have greatest needs. 
(c)Applies to some areas that have nearly adequate facilities 
Table 111- 3 6. Summary of 1977 treatment costs for commercial point discharges in the 
Upper Colorado River Region. 
Item Units 
Water Resources Subarea 
1401 1402 1403 1405 1406 1407 1408 Total 
Total cost $1, 000 60 320 NA 235 175 1,290 0 2,080 
Maximum cost 1,000 60 300 NA 200 120 90 0 
per plant 
Minimum co st 1,000 60 20 NA 35 55 10 0 
per pla~t 
($ x 10 ) 
~ 
0' 
N Average cost 1,000 60 160 NA 11 7 . 5 87.5 58.6 0 
per plant 
($ x 106 ) 
Plants requir- Number 1 2 NA 2 2 22 
ing addition s 
Table 111- 37. Summary of 1977 treatment costs for commercial point discharges in Lower 
Colorado River Region. 
Item Units Water Resources Subarea 
1501 1502 1503 1504 1505 1506 1808 Total 
Total cost $1, 000 750 0 0 0 105 0 70 925 
Maximum cost 1,000 100 0 0 0 70 0 70 
per plant 
($ x 106 ) 
Minimum cost 1,000 350 0 0 0 35 0 70 
,.p.. per plant 
0" ($ x 106 ) w 
Average cost 1,000 56.7 0 0 0 52.5 0 70 
per plant 
($ x 106 ) 
Plants requir- Number 13 0 0 0 2 0 1 
ing additions 
Costs for commercial source control are not expected to 
increase significantly with 1983 -85 standards since most of these 
sources have domestic type wastes. Also, the growth of these 
facilities is unpredictable. Therefore,- it was assumed that the 
cost to control commercial point discharges under the various 
levels of treatment in PL 92-500 and the likely energy develop .. 
rnent future envisioned for the Colorado River Basin will not 
change significantly from thos e estimated for 1977 with low 
ene rgy development. 
Industrial Dischargers 
Estimates of capital and operation and maintenance costs for 
control of industrial point sources for "best practicable technology" 
and "best available technology" were calculated with cost data sup-
plied by the National COlnmission on Water Quality. However, it 
was not possible to estimate costs for the 1985 "elimination of dis-
charge" provision of PL 92-500 because the guidelines to define 
tlEOD1l for a significant number of industries within the basin have 
not been issued. In addition, data on the nature and character of 
a significant num.ber of industrial discharges were not available. 
A suxnmary of costs for the control of industrial point sources 
is presented in Tables 111-38 and III-39. Total capital cost for 
achieving 1977 BPT levels in the Upper Basin is esthnated to be 
7.030 million dollars. The as sociated annual operation and Inain-
tenance cost is estimated at 560 thousand dollars. In the Lower 
Basin the capital cost is estimated at 1 e 45 'm.illion dollars and the 
annual operation and maintenance at 230 thousand dollars. It should 
be pointed out that those estimates are probably low because at least 
10 plants in the basin lacked sufficient information for development 
of an estimate. Most of the industrial sources in the basin are 
either currently employing total containment or looking toward total 
containment as a way of achieving the 1977 level of treatment. Also 
many industries are employing lagoons as a xnethod of waste treat-
ment. 
The total capital cost for achieving BPT in the Colorado River 
Basin is estixnated at 8.48 million dollars and the associated annual 
operation and xnaintenance costs are estimated to be 790 thousand 
dollars. These costs were estimated with the low rate of energy 
developxnent. Since the time period is so short by 1977 the effect of 
energy development on these costs is assuxned to be insignificant. 
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Table III- 38. Summary of industrial cost for Upper Colorado River Basin. 
Water Resources Subarea 
Item 
1401 1402 1403 1405 1406 1407 Total 
Total Capital Cost 
for BFT (1977) 
($ x 10 3 ) 2, 144 880 1, 710 1,990 160 150 7,030 
Total Annual Opera-
tion & Maintenance 
Cost for BFT (1977) 
($ x 103 ) 240 65 150 70 15 15 560 
~ 
0' Total Capital Cost U"l 
for BAT (1983) 
($ x 103 ) 910 75 330 0 0 0 1,315 
Total A.nnual Opera-
tion & Maintenance 
Cost for BAT (1983) 
($ x 10 3 ) 50 20 20 0 0 0 90 
Number of plants 
requiring additional 
facilitie s for either 
BFT or BAT 4 5 7 7 1 3 
Unknown 1 1 1 0 0 0 
Table III- 39~ Summary of industrial cost for Lower Colorado River Basin. 
Water Resources Subarea 
Item 
1501 1502 1503 1504. 1505 1506 1808 Total 
Total Capital Cost 
for BPT (1977) 
($ x 10 3 ) 50 95 10 195 550 545 9 1,450 
Total Annual Opera-
tion & Maintenance 
Cost for BPT (1977) 
($ x 10 3 ) 5 25 2 25 125 50 1 230 
Total Capital Cost 
~ for BA.T (1983) 
0'- ($ x 10 3 ) 0 80 0 0 290 0 0 370 0'-
Total A.nnua1 Ope r a-
tions & Maintenance 
Cost for BAT (1983) 
($ x 10 3 ) 0 10 0 0 60 0 0 70 
Number of plants 
requiring additional 
facilitie s for either 
BPT or BA.T 1 2 2 9 18 6 1 
Unknown 1 1 0 0 5 0 0 
The total capital cost for achieving BA T in 1983 in the Upper 
Basin is estimated to be 1. 317 million dollars in addition to the 
costs incurred in 1977. The operation and maintenance costs are 
estimated to be 89 thousand dollars annually in addition to the con-
tinuation of the 1977 based operation and maintenance costs.· In 
the Lower Basin the estirnated capital costs are 372 thousa'nd dol-
lars and the associated operations and maintenance costs are 67 
thousand dollars annually in addition to the 1977 expenditure levels. 
These industrial costs are bas ed on the norrnal growth defined by 
the water resources subarea projections and, as before, a low rate 
of energy development. Growth due to energy will be of a specific 
nature, and no single group of industries will experience a uniform 
predictable growth rate. Therefore, calculations to deterrnine the 
cost of pollution control equiprnent were not pos sible. Thus, for 
analysis under the alternative futures for energy developrnent, it 
is assurned that industrial costs will not be significantly affected 
by energy developrnent. The costs to municipal and commercial 
dischargers due to expanding population are included. 
Summary of Costs for Control 
of Point Discharges 
A sumrnary of the capital costs for control of point discharges 
in the Colorado River Basin is presented in Table III-40. These 
costs do not include the costs for the electrical power generating 
industry or other industrial costs associated with expected energy 
developrnent in the basin. However, they do represent a reasonable 
estimate with the limited data available. Additional data are re-
quired before an accurate and conclusive estimate can be made. 
The total capital cost for control of point sources under 1977 
BPT requirements in the Colorado River Basin is estimated to be 
158.93 million dollars. The total capital cost for achieving the 
1983 BAT requirements of PL 92 -500 will result in an additional 
35.23 million dollars. An estimate of achieving 1985 EOD require-
ments could only be made for municipal and comrnercial sources. 
This cost is estimated to be between 83.54 and 93.45 million dol-
lars. The total capital costs in the year 2000 will be between 
100.36 and 162. 94 million dollar s in addition to the 1983 costs. 
The development of energy resources in the Colorado River Basin 
may increase the capital costs of pollution control by as much as 
60 percent. 
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111 ... 400 Total capital costs for 1977 and the additional costs for 1983- 85 and 2000 
for control of point discharges in the Colorado River Basin .. 
1977 1983 (1985) 2000 
Economic Energy Development Level Energy Development Level Energy Development Level 
Sector Most Most Most Low Likely Low Likely Low Likely 
(Thous and Dollar s) 
Municipal 147,440 147,440 83,540 93,450 100,360 162,940 
~~9 
Commercial 3,010 3,010 ::$ 0 ::::: 0 ::::: 0 ::::: 0 
Indus trial a 8,480 8,480 1,690 1,690 NA NA 
E stimated Total 
Capital Costb 158,930 158,930 85,230 85,230 100,360c 162,940c 
a Does not include energy related industries. 
b Data were not available to determine industrial cost due to growth. 
c Does not include industrial growth costs. 
Ability to Finance Wastewater and 
Sewage Treatment Facilities 
The financial burden on citizens in the basin as sociated with 
building treatment plants is outlined in Tables III-41 through 111-43. 
Table llI-41 shows the cost of meeting the 1977 standard; Tables 
llI-42 and III- 43 show the incremental cost of meeting the 1983 
standard and the cost in the year 2000. The latter two tables 
show the costs on a low and most likely energy development basis. 
Data for 1983 (T able 111-42) are analyzed in detail below; the gen-
eral conclusion would apply to the other two years. 
If the investments were assessed on a per capita basis 
outlays in some areas would impose a substantial burden on local 
taxpayers. For example, in area_1402 and 1405 the per capita 
outlay would be $102 and $99, respectively, im1l ying a tax increase for one year of some $400 for a family of four. Clearly, a more 
rational approach to the financing of these capital investments is 
through issuance of municipal bonds. At this time an average 
municipal bond being sold would have a maturity of 20 years and 
bear interest at the rate of 6. 5 percent per annum. If it is assumed 
that these projects were financed through bonding, 2 the annual 
principal and interest payments (P&I) would total $91 per $1,000 
of debt sold. Total P&I payments required with low and most likely 
energy development are shown in columns (7) and (8) of Table 
llI-40. The per capita debt service charge (columns (9) and (10)) 
range from $0.10 to $9.29 for those areas where investments are 
required. These, of course, represent only the costs of incre-
menting the waste treatment plants to meet the 1983 standards, 
and must be added to per capita costs, if any, of meeting the 1977 
standards. 
The a~nual per capita costs of meeting the various yearly 
standards are outlined in Table 111-44. These data assume that 
1 All cost data are in constant dollars. 
2Because Inany of the communities in the region are quite 
small, there is a serious question about their ability to finance 
capital investments by selling bonds. 
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Table 111-41" Cost of financing wastewater and sewer treatment plants necessary 
to meet 1977 standards, Colorado River Region. 
vVater Resources Projected Projected Required P &: r(a) Annual P & I Per Capita 
Subarea Population Per Capita Investment Payments Payments P & I Payments 
1977 Income 1977 (Thous ands ) (Thousands) Per C9-pita as a % of Per 
Capita Income 
U~ 
1401 38,446 $4,220 $ 1,880 $ 171 $ 4.45 o. 1% 
1402 17,533 4,310 1,340 122 6.96 0.2 
1403 41,000 3,000 3,080 280 6.83 o. 2 
1405 93,533 3,559 6,380 581 6.21 o. 2 
1406 28,066 3,463 2,120 193 6.88 Oe2 
;t:.. 1407 91,461 3,260 790 72 • 79 b 
-.] 1408 17,733 2, 612 500 46 20 68 o. 1 0 
Lower 
1501 126,395 2,636 1,894 172 1. 36 O. 1 
1502 422,008 4,427 81,210 7,390 17 0 51 0.4 
1503 52,730 3,587 1, 130 103 1. 95 O. 1 
1504 570,933 3,900 44,780 4,075 7. 14 0.2 
1505 1,268,633 4,095 432 39 • 03 b 
1506 66,200 4, 193 1,900 173 2. 61 O. 1 
1808 12,351,285 - 4, 852 0 0 
(a)Principa1 and interest payments on 20 year municipal bonds yielding 6. 5%. 
(b) Less than 0.05 percent. 
